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A LAND OF SKELETONS.
By R. Lydekker, B. A.Cantab.

NEXT to Australia, which, as regards its faiuia,

stands quite apart from the whole of the rest of

the world, South America possesses a greater
number of peculiar types of animals than any
other region at the present day. A traveller,

for instance, starting from Europe may wander eastwards
across the northern part of Asia, as far as Japan, without
ceasing to meet with types of mammals and birds perfectly
familiar to him ; while the same is, to a gi-eat extent, the
case if his footsteps are directed to India or Africa. It is

true, indeed, that in both the latter coimtries he will come
across creatures like elephants and rhinoceroses which are
now unknown in Europe, while in Africa he wiU be con-
fronted by hippopotami, giraffes, and ostriches. All these
animals, however, once existed in Europe during the later

portions of geological history, and may, accordingly, be
counted as pertaining to the European fauna. Still more
striking is this similarity of the fauna with that of Europe
if the traveller's route happen to lie across the northern
half of the New World, where he will meet with many
mammals, such as the bison, grizzly bear, and wapiti,
which are scarcely to be distinguished, even specifically,

from their Old World allies ; while others, hke the rein-
deer, wolf, and fox, are absolutely identical. On the other
hand, when South America is reached, it will be found
that not only are all the mammals and birds specifically

different from those of Europe, but Ukewise that many of
them belong to genera or gi-oups absolutely unknown

beyond the confines of that country, while Old World
types are relatively scarce. For instance, the whole of the

typical representatives of that group of mammals techni-

cally known as edentates, " such as the armadillos, ant-

eaters, and sloths, are exclusively confined to South and
Central America ; while the monkeys of that continent

are quite different from those of the Old World, and the

pretty little marmosets are peculiar to it. The camel-like

animals known as guanacos and vicunias, together with

their domesticated representatives the llamas, are likewise

at the present day exclusively characteristic of South

America, although there is reason to believe that they

were originally introduced from the north. Then, again,

opossums (which, by the way, must not be confounded

with the creatures commonly so called in Australia) are

among the most characteristic of South American mam-
mals, although some range as far north as the United

States. The rodents, or gnawing mammals, are likewise

remarkable, not only for their numerical abundance, but

likewise for the large size of several of their members
which belong to genera peculiar to the continent. Among
these the capivara or carpincho {Hiidroc/uerus), commonly
known as the river hog, is the largest living member of

the order, its skull measuring about a foot in length.

Another characteristic aquatic type is the coypu (Myopo-

tamiis), generally termed by Europeans nutria, which is

properly the Spanish name for an otter, and easily recog-

nized by its red incisor teeth. Of the terrestrial species

the most familiar is the viscacha, which inhabits warrens,

like the prairie marmot of North America, with which,

however, it has no affinity. Not only is South America

remarkable for the number of peculiar types of mammals
it contains, but it is likewise noteworthy for the absence

of a number of Old World and North American forms

;

especially notable is this paucity among the ungulates or

hoofed mammals, which are represented solely by the afore-

said guanaco and its allies, by a group of deer differing con-

siderably from all Old World species, although represented

in North America, and by several species of tapirs—the latter

animals being at the present day known elsewhere only by

a solitary kind from the Malayan region, although they

were formerly abimdant over a large portion of the Old

World. Consequently, such well-knowu and important

groups of ungulates as the oxen, goats, sheep, antelopes,

horses, rhinoceroses, hippopotami, and elephants are totally

unknown in a wild state at the present day in South America,

although two of them, viz., horses and elephants, formerly

existed there. Equally characteristic are the birds of

South America. Although it will only be possible here to

make allusion to a few among these, we may especially

mention the entire group of humming birds, together with

a peculiar family of perching birds commonly known as

wood-hewers, and technically as the DendrocoltqttidtE, of

which the well-known oven bird (so-called on account of

its dome-shaped mud nest) is a familiar example. The
large gallinaceous birds termed curassows and guans are

also very characteristic ; while still more distinctive of the

country are the tinamus, which, although structurally

allied to the ostriches, are so like partridges in form and
habits that by English residents in the country they are

commonly so termed. Another characteristic South Ameri-

can bird which is commonly misnamed by Europeans is

the rhea ; this bird, which is almost universally designated

an ostrich, differing from its African relative by having

three toes instead of two. Yet another remarkable avian

type is to be found in the large and somewhat goose-like

chaja (pronounced chaha), or horned screamer, which

* Sec article on " Anni»(lilli>s :iiicl A:inl-\':irl>~."
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takes its English name from the spur on its wings and its

loud cry—the latter being sometimes heard when the bird

is so high in the air as to be almost or quite invisible.

Among characteristic South American reptiles may be

mentioned iguanas (a name often applied incorrectly to

lizards from other parts of the world) and caimans; the

latter being a group of alligators, distinguished by having
an armour of bony plates on the under as well as on the
upper surface of the body. The huge horned frogs {Cera-

toplinjs) are likewise distinctive of the country among the

batrachians.

Such are a few of the leading features of the existing

fauna of South America, which are sufficient to show how
totally different is the animal life of this country from
that of all the rest of the world. If, however, we go back
to the late geological periods of the earth's history, we
shall find that this peculiarity and disthictness of the

South American fauna was even more inteusitied than it

is at the present day ; this being largely due to the

circumstance that at one time the Isthmus of Darien did

not exist—so that the northern and southern portions of

the New World were disconnected. Since the time when
a connection was formed between the two continents, their

faunas have, however, naturally tended to blend together,

and hence at the present day, and during the Pleistocene

period, the animals of South America are less sharply
differentiated from those of the northern half of the
continent than would have been the case had the Isthmus
of Darien not been formed. It is further interesting to

note that during the Tertiary period there appears to have
been some kind of connection between the faunas of South
America and Australia.

The country that has afforded us the most information
with retrard to the extinct fauna of South America is the

Argentine Republic, which includes not only Buenos Ayres
and the adjacent provhices forming Argentina proper, but
likewise the whole of Patagonia. Confining our attention, in

the first place, to the province ofBuenos Ayres and some of

the neighbouring districts, we may note that the greater
part of this vast tract of country is one boundless level plain

formed by an alluvial deposit of rich black mud Inought
down from the higher lands of the interior by the tribu-

taries of the Eio de la Plata, and which constitutes the
most extensive pasture-land in the world. Near Buenos
Ayres and the valley of the Eio de la Plata this alluvial

deposit, which in places alternates with sandy beds, is of

immense thickness ;
* but further to the south it thins out

rapidly. In some places in the neighbourhood of La
Colina, about a hundred miles from Bahia Blanca, for

instance, the black soil is not more than a couple of feet

in thickness, and is underlain by a hard white calcareous
deposit, locally known as " tosca," and much resembling
some of the deposits formed by hot springs.! That the
black alluvial deposit, which, from forming the whole of
the pampas, or plain country, is known to geologists as the
Pampean formation, is of fresh-water origin, is perfectly
clear ; and it is probable that it has been largely formed
in marshes and swamps, one of its most striking features
being the total absence of pebbles or stones. Indeed,
throughout the country, except in the neighbourhood of
the mountains, there is not a vestige of rock or stone to

be seen, unless it be in the few places where the aforesaid
" tosca " has been brought to the surface. In spite of its

fresh-water origin, there is, however, evidence that portions
of the Pampean formation have been submerged beneath

* Near Buenos Ayi'es it has been bored into for depths of fifty and
ninety feet.

t At Buenos Ayres tlie alluvial deposit itself is ealled '' tosea."

the sea. For instance, in the neighbourhood of the city of

La Plata there occurs a bed of marine shells overlying the

alluvial mud ; all the species of molluscs being now found
living in the Bay of Jlonte Video. I have also observed a

similar bed at Santa Lucia, in the Banda Oriental, at an
elevation of about one hundred feet above the sea, which
was overlain by a considerable thickness of sands, and the

same deposit occurs far inland at the town of Parana.
From these data it may be inferred that after the temporary
subsidence of the pampas, during which the marine beds
were deposited, there has been a considerable elevation

(which is probably still going on) of the whole country
;

and that the whole of these movements have taken place

at a very recent epoch indeed.

At tlie present day the Argentine pampas, with the

exception of a few willows along the river courses, is

practically destitute of trees (save where they have of late

years been planted around the various settlements), and
forms a boundless sea of grass, relieved here and there by
tussocks of the tall pampas grass, or giant thistles, and
adorned in spring with the scarlet verbena and other bright-

hued flowers. Till the introduction of the countless herds
of horses, cattle, and sheep, which now roam over its

extent, this vast tract of country was tenanted by the

guauaco, the pampas deer, the viscacha, and the rhea,

which, with the exception of certain carnivores, were
almost the only animals of any size to be found throughout
its length and breadth.

The rich black alluvial mud of the pampas, which, as we
have seen, is entirely of fresh-water origin is, however,
the tomb of thousands, if not millions, of the skeletons and
bones of a host of extinct animals, which tell us that the

country was once inhabited by a fauna stranger than that

found in any other jsart of the world at any epoch of its

history. While many of these extinct creatures were
allied to the existing South American mammals, although
of vastly greater bodily size, others, of equally gigantic

dimensions, W'ere utterly unhke all known animals, either

living or extinct. As we intend to describe some of these

extinct mammals in succeeding articles, we shall make but
brief mention of them here. We may observe, however,
that while the gigantic glyptodons were the representatives

of the diminutive armadillos of to-day (although some of

the latter flourished side by side with their huge cousins),

the megathere, which rivalled an elephant in bulk, together

with its allies the mylodons, were akin both to the sloths

and the anteaters of Brazil, and as they were evidently

terrestrial in habits they may be conveniently spoken of as

ground sloths. From the structure of these latter animals,

which were pretty evidently adapted to sit up on their

massive haunches and tear down the branches of trees

with their powerful front claws, we may infer that the

physical features of this part of Argentina must have been
very different from what they are at present, and that in

place of continuous tracts of unbroken grassy plain there

must have been large areas of forest land, as in Brazil

at the present day. In these forest tracts may have
wandered the two species of mastodons which were the

contemporaries of the gror.nd sloths ; but the existence at

the same time of several species of horses (some closely

akin to living species, while others were markedly distinct)

seems to point to the presence of grassy plains alternating

with the forest tracts. The same is probably indicated by
the numerous species allied to the guanaco, which
flourished at the same time, and some of which attained

the dimensions of a camel ; while the various kinds of deer

may also have inhabited the same regions. The gigantic

hoofed mammal, known as the To.rodon, which had ever-

growing teeth'c ; t hose of a rodent, was. however, prob-
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ably an inhabitant of swamps and marshes ; while the

still more extraordinary Macrauclienia, with its slender,

camel-like neck, and long three-toed limbs, probably
stalked over the plains, cropping here and there the foliage

from some tree or copse. Rodents, nearly related to

existing South American types, were likewise common
;

and there were also certain large carnivores, such as a

species of sabre-toothed tiger, and a huge bear-like creature.

With the exception of these carnivores, together with the

guanacos, horses, deer, and elephants which are unknown
in the older formations, and are therefore probably late

immigrants from the north, all the auimalsof the Pampean
formation are peculiar to South America. A further

distinctive feature of this fauna is the large bodily size

attained by so many of its representatives, this being
especially the case with the glyptodons, mylodons,
megatheres, guanacos, mastodons, macrauchenia, and
toxodon, all of which would co)ne under the designation of

giant animals. In this respect the Pampean fauna cor-

responds with that of the Pleistocene period of Europe,
with which it also agrees approximately in age, seeing

that there is evidence of the contemporaneous existence of

man with several of the extinct mammals.
In certain parts of the Pampean formation the remains

of these animals occur in extraordinary profusion, and
generally in a most perfect state of preservation. At times
they are foimd sticking out from the perpendicular cHffs

or tinmncas bordering the river-valleys, while many are

met with in sinking wells or making other excavations.

In well-digging, of course, only a portion of a skeleton is

obtained in the case of a large animal, which is the cause
of the imperfect condition of the majority of specimens in

European museums, and it is only when excavations, like

those during the construction of the docks at La Plata or

Buenos Ayres, are made that entire skeletons are obtained,

unless, indeed, special works are undertaken for the

purpose of obtaining fossils. It does not, however, appear
that the remains are at all evenly distributed through the

Pampean, some localities being much richer than others,

and among these Lujan (pronounced Luhivn), near Buenos
Ayres, being especially notable. Although the museum
of th6 Eoyal College of Surgeons contains an entire

skeleton of a megathere, together with the shell of a
glyptodon, while the British Museum is the fortunate
possessor ot a complete specimen of a mylodon, the
museums of Europe give us but a very poor idea of the
number and beautiful preservation of these marvellous
fossils. To gain any idea of the true state of the case it is

necessary to visit (as I have recently had the opportunity
of doing) the museums of Buenos Ayres and La Plata,

and more especially the latter. There the visitor will be

absolutely lost in astonishment at the long array of

perfectly mounted skeletons of numbers of these creatures,

while the unmounted skeletons and isolated bones dis-

played in the wall-cases will convince him that I am
not exaggerating when I speak of Argentina as a land
of skeletons.

That the animals I have spoken of shoitld have died off

one after another through the long ages during which the

Pampean mud was accumulating is in accordance with
what we should expect to occur, while the perfection of

their preservation is sufficiently accounted for by the
nature of the deposit itself. The marvel, however, is in

regard to the total disappearance of the whole of the
larger forms and the reduction of the fauna of the pampas
to its present condition, together with the concomitant
loss of the forests. It is not that the country is uusuited
at the present day to the existence of the larger types of

animal life, as witness the countless herds of horses and

cattle with which its plains are now covered, together with

the luxuriance and rapidity with which many kinds of

trees flourish when introduced. Neither, I think, can it

be due to a glacial period (although there appears to be

evidence of the prevalence of a cold period in Patagonia),

since any glaciation of the pampas would have assuredly

removed the greater part of the alluvial formation, besides

having left indisputable evidence of its presence. Man,
too, cannot be credited with tbe extinction of either the

fauna or the flora. It has been suggested that the number
of guanaco with which the country was overrun previous

to European settlement may have caused the destruction

of the forests ; but we must remember that similar animals

existed in greater variety during the Pampean period,

while even if the disappearance of trees were due to their

agency, this would have had no effect on plain-loving

forms like horses. That the disappearance of the latter

animals may have been due to the number of pumas is

another suggestion ; but it will be obvious that this could

have had nothing to do with the destruction of gigantic

creatures like the glyptodons and the megatheres. The
problem is further complicated by the circumstance that

the remains of many of these creatures occur in caverns

in the interior of Brazil, where the climate is stUl, and
probably always has been, tropical. It would seem, there-

fore, that we must be content to regard the depletion of

the fauna and flora of Argentina as one of the luisolved

problems of science.

So much space has been occupied by the foregoing

survey of the Pampean fauna and the preliminary obser-

vations on the present condition of the country, that but

little remains to devote to the older formations. At
Parana, and also on the coast at Monte Hermosa, near

Bahia Blanca, there occur, however, certain Tertiary

deposits which are evidently somewhat older than the

Pampean beds, although contaiuing a clos ly 'llitd fauna.

The most interesting feature connected with «'|j, formation

(which may probably be correlated with the upper Pliocene

of Europe) is that the mammals are for the most part of

smaller size than their relatives of the Pampean ; this

being especially shown by the glyptodons, and by those

ground sloths known as scelidotheres, which are near

allies of the mylodons. When we reach the still older

beds of Santa Cruz, in Patagonia, which are probably of

Miocene age (although they have been correlated with the

lower Eocene, we find not only this diminution in the size

of the mammals still more marked, but we likewise notice

the disappearance of all the northern forms, such as deer,

horses, guanaco, and elephants, thus showing that we have

reached the period when South America was disconnected

from the northern half of the continent, and possessed an

absolutely peculiar fauna. Instead of glyptodons with a

shell of eight or ten feet in length, we meet with species

in which the carapace did not measure more than a yard
;

while in place of mylodons bigger than a rhinoceros, we
are confronted with a species not so large as a Highland
sheep. The camel-like Moci-auclwnia was likewise repre-

sented by several much smaller allies, while the various

species of Xesodon, which represented the gigantic Toxodon

of the Pampean, were either small or moderate-sized

animals. Somewhat curiously, there were, however,

several kinds of gigantic flightless birds which are quite

unknown in the higher beds, and appear to have been

allied to the flying birds of the present day, instead of, as

might have been expected, to the ostriches and rheas.

In subsequent articles we propose to enter into the

consideration of the leading structural peculiarities of some
of the most remarkable of the extinct mammals from the

" Land of Skeletons."
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BARK-BORING BEETLES.
By E. A. Butler.

ABOUT two hundred years ago, an English knight,

Sir Matthew Dudley by name, planted in his

grounds in Northamptonshire a number of young
elm trees which were destined to have a more
than passing interest. The misfortunes that

befell them caused their memory to be perpetuated in the

annals of British science by becoming enshrined in the

riiilosophical Transactiofis of the then recently formed
Royal Society. All went well with the saplings for a time,

but one dry summer one of the trees began to show
symptoms of ill-health ; its leaves became yellow and
began to drop prematurely. As this particular tree stood

higher than the rest and in shallower soil. Sir Matthew
attributed its ill-health in some measure to the drought,

and therefore caused the earth about its roots to be

loosened, and two hogsheads of water, together with a

quantity of manure, to be supplied to it, by which means
the tree was for a time restored to a fairly prosperous
condition. But Sir Matthew, being a close observer of

nature, had noticed at the same time that on its bark there

were " numbers of little black flyes of the beetle kind," and
the removal of portions of the bark showed that these

beetles had perforated it, and had made tunnelled

excavations in its inner layers. He rightly conjectured

that the beetles had something to do with the bad
condition of the tree, though he regarded the insufficiency

of moisture as the primary cause of its unfortunate con-

dition. In endeavouring to link together cause and effect,

and so to trace the proper sequence of events, he hit upon
the idea that the drought had caused the sap of the tree to

become thick and syrupy, and that the sap in this condi-

tion had formed an attractive bait for the beetles, which
had then still further weakened the tree by their burrows.
The remedial measures adopted seem to have checked

the evil for the time ; but on the advent of another dry

summer a few years afterwards, several of the trees again

looked sickly, and particularly the one previously attacked.

Examination showed that in them all the bark at its

attachment to the tree was dry, and that there were " vast

numbers of these little Hyes, who had pierced the bark in

multitudes of places." Having adopted the same remedies
as before. Sir Matthew visited the trees again the next morn-
ing, and found that in one case sap was oozing from the bark
through the holes pierced by the beetles, and that numbers
of flies and wasps were congregated on the trunk, busily

engaged in sucking up the sweet liquid. The removal of a

little- bark revealed plenty of moisture beneath, and showed
that all the burrowing beetles had either gone or been
drowned in the flood of sap which had inundated their

burrows. This tree was ultimately saved, but the bark of

many of the others, which seem to have been more
damaged and further advanced in ill-health, remained dry,

and the beetles still had things all their own way with
them. Being naturally anxious as to the fate of his trees.

Sir Matthew, to whom the beetles were e\idently some-
thing quite new, carefully examined the bark and found
that each beetle had made a " strait perpendicular channel
from the entrance upwards, about two inches long, very
little if at all bigger than just to move themselves strait-

forwards in '

; for, he adds, " I observed they all of them,
if disturbed, came out backwards." Further observation
showed that " all along on each side the channel, as close the
one to the other as they well could so as yet to be distinct,

there were small channels running horizontally from it,

in every one of which, at the extremity thereof, was a
maggot, in size just the bigness of the small channels.

very lively, whitish, and almost transparent." He at

once recognized that these transverse channels must have
had a different origin from that of the central perpen-

dicular one (Fig. 1). While that was the work of the

parent beetle, it

was evident that

the side branches
were excavated

by the maggots
which were found
at their termina-

tions ; for they

were too narrow
to admit of the

entrance of the

perfect insect.

The eggs were
evidently laid at

regular intervals

along the sides

of the central

gallery, and then

the grubs
hatched from
them began at

once to burrow in

directions paral-

lel to one another

and at right

angles to the

mother's gallery,

increasing the

diameter of their

tunnels as they

advanced, to ac-

commodate their

own enlarged

dimensions, and leaving the burrow behind them more or

less blocked up with "very small particles which when dry

become fine dust," the remnants of food and excrement.

But the whole life-history of the little pests was not yet

fully disclosed, and time was necessary to permit of their

proceeding with their metamorphoses. Accordingly we
find further observations undertaken a few months later,

both upon living trees and upon felled timber stored in the

timber yard. The central channel was now found in all

cases to contain the dead body of the mother beetle, while

the side channels were empty, their occupants having
escaped each through a neat circular hole in the bark at the

end of its burrow. At the mouth of this hole, however, each

had left, as evidence of its former presence, a "whitish,

pretty tough skin, exactly the colour and size of the

maggot." This, of course, was the chrysalis skin ; so that

it was evident that the larvae had matured in their lateral

burrows, had there become pupte, and the perfect beetles

produced from these had eaten their way into daylight,

making a hole in the bark just large enough to admit of

their crawling out. Such is the earliest English account

of the life-history of that terribly destructive timber-pest,

the little beetle now called Scolytus dfstructoi-, which was
so ruinous in its effects on the above occasion that scarcely

any of the trees were saved. In all essential details these

observations have been repeatedly confirmed by sub-

sequent entomologists, and few results of insect energy

are now better known than these bark-sculptured family

records, or " typographs," as they are called, each of which
registers the total work of a mother and her entire youthful

progeny till the latter have reached maturity, and have left

the maternal home to push their own fortunes in the world.

Fig. 1.—B;ii'k burrowings, or " topograph " of

Scohftux (hstriiHor. a, motliei- gallerv

;

b, larval galleries.
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Fig. 2.

—

'"^roli/fus

de^stfucfur, or

Elm -bark
Beetle, magni-
fied four dia-

meters.

Fie. .3.—Side view
of Elm-bark Beetle.

The beetle which is responsible for this damage to elm
trees is a stoutly and compactly-built shining insect, of

somewhat cylindrical outline, averaging about one-fifth of

an inch in length (Fig. 2). Its body is black, but the

appendages thereto, such as legs, antennae,

and wing covers, have more or less of a

reddish tinge. The head and thorax are

very large and powerful, occupying be-

tween them half the length of the entire

insect ; and the biting jaws, upon the

sti'ength of which the success of the

burrowing operations depends, are, of

course, stout and very strongly made.
The head is furnished above with a pretty

clothing of yellowish hairs, which can
easily be seen when the insect is viewed in

profile, but are not very distinctly visible

when it is looked at full-face. Tiut the one

feature by which especially it may be recognized and dis-

tinguished from all others of similar habits, except those

few that belong to its own genus, is the curious shape of

the abdomen. This looks as though a slice had been

taken off it behind, since it slopes abruptly upwards from

a short distance behind the last pair of legs to the ends of

the wing covers (Fig. 8). Half a dozen species belonging

to the genus Sculytus are known to

inhabit Britain ; they are all very much
alike both in shape and coloration, but

the fact that the various species attack

difierent trees is a considerable aid

towards their discrimination. The
habits of all are similar, though not iden-

tical. The family to which .S. drstnictor

belongs contains about fifty British species, many of them
minute, but all of strong build and cylindrical outline, as

befits insects whose sole occupation consists of buirowing

in bark. The economy of the group has been much studied

by Dr. A. Chapman of Abergavenny, who.se observations

have been published in entomological periodicals, and from

these some further particulars may now be given.

The female S. distructur makes preparations to lay her

eggs early in .June. She will attack preferably elm trees

that have been felled during the previous winter, and Dr.

Chapman avers that he has never met with traces of the

insect in perfectly healthy growing trees, though, of course,

it may be found commonly enough in those that are sickly.

The female does not burrow straight inwards at the spot

on which she alights ; but, selecting one of the grooves in

the bark, she gets to the bottom of this and often widens

it for some distance, and then enters the bark itself. The
real opening to the tunnel, therefore, lies at some distance

from the commencement of the burrows, and hence these

entrance orifices are not so easily seen as those by which

the beetles make their exit, since these latter run straight

outwards from the ends of the galleries and appear like

holes carefully made with a bradawl. The female com-

mences her labours by herself, before she has received the

overtures of a partner, who, in fact, does not put in an

appearance till she has already started her internal burrow.

But when she has got her burrow well in hand, the

expected suitor arrives, or, if he do not, the labour must

be stopped to wait for him, as no further progress can be

made till he has come. He appears rai-ely to enter the

burrow, the toil of excavation being left entirely to his

partner. Should the female be so unfortunate as not to be

discovered by any member of the opposite sex, the burrow

begun in trust will have to be left unfinished and its

purpose will never be realized, as no progeny will ever

occupy it. But if all goes well, the continuation of the

burrow can proceed. It is made straight up the trunk for

about three inches, and as it is pushed forward eggs are

deposited at regular intervals on each side, each in a little

depression close to the wood. About a hundred are thus
fixed in double row along the tunnel ; they are glutinous

as laid, and become coated with a rather thick layer of
" frass," as the powdery refuse in the burrows is termed.

Something like three weeks will have been consumed in

the construction and peopling of the central channel, but

before the end of that time the eggs first laid have
hatched, and the little white footless maggots have begun
to make their transverse burrows, side by side, though
still not in actual communication, and yet so close as only

to leave a very narrow wall between. These burrows are

in the softest part of the bark, the cambium layer and
adjacent soft tissues being devoured, thougli but very little

impression is made on the wood beneath. When the tree

is stripped, one can see that while the bark itself contains

the greater part of each burrow, one side of each has
slightly encroached on the wood, so that the bared trunk
shows in feeble outline a pattern corresponding to the

typograph which appears deeply cut in intaglio in the bark.

In about a month's time the larvffi will be full-fed ; most
of them will then burrow for about half an inch straight

into the wood at the end of their burrows, and then

excavate a little chamber, which is to be the winter

quarters. Where this communicates with the larval

burrow a plug of frass is placed to block up the entrance

—

a wise precaution, for otherwise, if the bark should fall oft'

during the winter, as the damage it has received might
well cause it to do, they would be exposed, not only to the

severity of the weather, but also to the attacks of in-

sectivorous birds ; while if the bark remain on, they will

then be doubly protected. Some of the more enterprising

ones, however, do not behave thus, but hurry through
their changes and come out as perfect beetles in August,

piercing to the outside a straight circular burrow at the

end of their gallery. What becomes of these individuals

is not yet very clear. Of course, those that have burrowed
into the wood escape next sprmg in the same way as their

predecessors. We thus notice that there are two sets of

cylindrical holes made in the bark of the tree—the entrance

holes of the parent females, partially filled up and not

very conspicuous ; and the exit holes of both males and
females of the young brood, which are open and easily

seen. There are also two distinct classes of galleries

—

the vertical one made and occupied by the mother of the

family only, and serving as her mortuary chamber when
she expires at the close of her labours ; and the lateral

galleries made and occupied solely by the larvse. Thus
the whole typograph contains, as we said above, the family

history of one complete generation, carved in wood, and
left as a permanent memorial long after the generation

whose adventures it chronicles has passed away.

The bark of ash trees is often found to be channelled in

a somewhat similar way ; but this is easily seen to be the

work of a dift'erent insect, as there are some striking

dift'erences in the plan of the typograph. We still have
the central channel and the host of side channels running
at right angles to it, but the actual directions are exactly

reversed; the central channel is now horizontal, and the

side channels are perpendicular, running above and below

the transverse main trunk. ^loreover, the main trimk is

composed of two arms which lie nearly m the same straight

line, but diverge right and left from an exceedingly short

perpendicular stem, the whole forming a figure something
like a T of greatly exaggerated breadth and diminished

height (Fig. 4). The beetle whose family record is

preserved in this form is called Hylcsinux t'ra.vini. It is a



KNOWLEDGE. [January 1, 1894.

smaller and much duller insect than the preceding, and
more regularly cylmdrieal, without the curiously cut-off

abdomen so characteristic of Scah/tus. The economy of

Fig. 4.—Bark Hurrowings, or " tvpogi-apli " of Hiflesiiiu-ifrnxina, Ash-
bark Beetle, a. motlier crallery ; 6, larral galleries (To avoid con-
fusion, the larral galleries of one system only have been shown.)

this insect is very similar to that of .s. destructor, but the
male takes a somewhat more practical interest in the
serious business of life. Both beetles may be found in the
burrows during the course of construction, frequently one
in each bi-anch, and of course it is an obvious suggestion
that one of tbese branches is made by the male, and the
other by his partner

; but it is difliciilt to say how much
truth there is in such a suggestion, and it seems not un-
likely that even in this ease the female dees the greater
part of the work, though apparently her mate does some-
thing to assist. Both beetles also usually die in the burrow,
and their corpses may sometimes be foiind still lying there
several years after death. Damp and mildew, however, in
time do their work, and the corpses decay and disappear.
The other members of this group are more or less like

those already described, and the cylindrical form, short legs,
and large thorax will usually enable them to be recognized.
They attack a variety of trees, some devoting their atten-
tion to the trunk, others to the branches and smaller
twigs. Elm, ash, oak, beech, birch, hazel and hornbeam
are all more or less liable to attack, and fruit trees, such
as apple, pear, plum, cherry and apricot, are by no means
exerupt. A large proportion are devoted to the different
species of firs and pines, and some attack shrubs, such as
ivy, furze, and broom. But wherever they are found, they
always leave their signature behind, in the typograph on the
inner surface of the bark, and its fainter reproduction
which is seen on the wood when the bark is removed.
Until an affected tree is stripped, the e^'idences of their
presence, apart from any sickly appearance the tree may
present, are not striking, and the slight indications outside
can give no notion of the vast extent of the damage which
may lie concealed within. These little beetles must be
carefully distinguished from another set of wood-borers,
some of which are not unlike them in both shape and
general appearance, but which do not leave a typograph
behind them, since they burrow into the substance of the
wood itself, uistead of confining themselves to the bark.
Belonging to this latter group is the troublesome household
pest which makes furniture " worm-eaten " (Anohium
ilomesfinim). Wood-borers such as this are distinct from
the liark-borers, not only in habits, but in structure too,
and are therefore, for systematic purposes, placed in a
different section of the beetle order.

There are two somewhat opposing aspects in which
these bark-boring beetles may be regarded. In the first

place, in so far as they attack living trees, they cannot be

regarded as otherwise than terribly destructive. Though
the solid timber, it is true, is scarcely injured at all, and
the actual amount of material destroyed bears a ridi-

culously small proportion to the total bitlk of the tree, yet

the death of the tree is insured by the fact that it is just

the most vital part that is attacked. The centre of the

life and growth of the tree lies in the layers which
intervene between the hard bark on the outside and the

hard wood on the inside ; it is here only that the cells of

which the tree is composed still remain soft and retain

their power of self-multiplication, and therefore, so long

as this particular part of the tree is intact, its functions

can go on more or less regularly, and its life can be

maintained. But when once these layers are tampered
with, the health of the tree suffers, and the gradual re-

moval of the growing and multiplying tissue is necessarily

followed by the death of the tree, though the solid timber

is still available for use. In consequence of their enormous
numbers, some of the smaller species are in this respect

even more destructive than the larger ones.

There is, however, another light in which the ravages

of these insects may be regarded. In many cases, no doubt,

they merely accelerate the destruction of trees which
from other causes are passing into decay, while some seem
to prefer fallen timber to that which is growing ; and it is

in this latter respect that they may to some extent be

regarded as useful agents in the economy of nature. In

the interests of surrounding vegetation, it is important that

fallen trunks should be removed as speedily as possible,

and many are the natural agencies that combine to bring

about such a result. Amongst these, damp is of course

one of the most important, as it provides the conditions

necessary for the growth of fungi, which, growing on the

wood, derive their nourishment from it, and accelerate

its dissolution. But much of the material of which the

bark is composed is of the nature of cork, and is impervious

to moisture, so that as long as the bark remains on the

tree the fungi have not a fair chance. To meet this

difficulty, there come in these bark-feeding beetles, which
speedily loosen the bark and cause it to crack so that it

soon falls off", and then the solid wood is exposed to all

sorts of destructive agencies—whether physical such as

damp, vegetable such as fungi, or animal such as wood-

boring insects—and between them they make short work
of the trunk. In virgin forests, no doubt, such insects as

these are of material assistance in promoting the growth

of new vegetation, by aiding in the removal of the old.

In countries like our own, however, which are well under

the control of man, such a function is, no doubt, scarcely

needed, and to us these bark-boring beetles seldom appear

in any other light than as a nuisance.

PERIODICAL COMETS DUE DURING THE
REMAINDER OF THE PRESENT CENTURY.

By W. T. Lynn, B.A., F.R.A.S.

IT
can scarcely be said that any one of the known
periodic comets is due during the present year. The
late W. Tempel was the first discoverer of no fewer

than three comets which were calculated to be

moving in orbits of short period ; but the periodicity

of one of these, which was discovered in the month of

November, 18G9, was not recognized until after its re-

discovery by Prof. Swift in 1880 (an unobserved return

must have taken place in 1875), in consequence of which
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it is usual to call it Swift's comet. The body known as

Tempel's first periodical comet was discovered by him at

Marseilles on the 3rd of April, 1867 ; the period was
found to be about sis years, and it duly returned in 1873
and 1870, but has not since been seen. His second
periodical comet, which was discovered at ]\lilan on the

3rd of July, 1873, was calculated to have a period about

five and a quarter years in duration. It was observed
again in 1878, but. not afterwards, so that it seems rash to

speak of a return as due in the present year, though three

times the length of a period will in the spring have elapsed

since 1878, when the comet passed its perihelion on the

19th of July.

But we now have to refer to a comet which has returned

so regidarly during more than a century, that it has come
to be looked upon as a friend whose periodical visits may
be confidently expected. 1 now allude to Encke's comet,

which, first discovered by Mechain in 1786, only acquired its

name after the return in 1818, when its orbit was accu-

rately determined by the illustrious Seeberg astronomer,

who became director of the Berlin Observatory in 1825.

He found that the period was much shorter than that of

any other known comet, and that its duration amounted
to only twelve hundred and twelve days, or about three

and one-third years. Extending his investigations, he
showed that this was slightly diminishing by a little more
than a tenth of a day at each return, and suggested, as the

probable cause of this, the action of a resisting medium in

the inner portion of the comet's orbit (when in perihelion

it passes within the orbit of Mercury) checking the

tangential motion of the comet and causing it to be drawn
somewhat nearer to the sun, so as to shorten its length

of revolution, and therefore its period. The comet has
been observed in some part of the world at every return

since 1818 ; and whilst Encke lived he was able to show
that the above efl'ect continued to appear and with the same
rate of progress, confirming the truth of his theory as to

its cause. Nor was it easy to take any other new of the

phenomenon, with such a vcm cansK apparently fully able

to explain it. But after this had gone on for about fifty

years from the time that Encke first called attention to it.

Yon Asten and Backlund, who had followed up his inves-

tigations, found that in 1868 the observed diminution of

the length of period dwindled to one-half its original

amount, and it has apparently continued to go on at this

diminished rate ever since. It is to be hoiked that more
light will, before long, be thrown upon this remarkable
circumstance, which imparts additional interest to further

observations of Encke's comet. It was last in perihelion on
the 18th of October, 1891, and the next return to that posi-

tion will be due on the 10th of February, 1895.

A passing reference may here be made to Brorsen's

comet, which was discovered at Kiel in 1846, found to have
a period of about five and a half years, and was observed

at several subsequent returns, but the last of these was in

1879. As we cannot venture to predict its return in 1895,

we will pass on to 1896, in which year two periodical comets
will be due. One of these is known as Faye's, having been
discovered by that astronomer at Paris on the 22nd of

November, 1813. Le Verrier calculated its orbit, and
found that the length of its period was about seven and a

half years ; it was duly observed at every subsequent
return, passing its perihelion on the last occasion on the

20th of August, 1888, so that another return may be

expected in 1896. The other comet due m that year was
discovered by Mr. Brooks, at the Smith Observatory,

Geneva, N.Y., on the 6th of July, 1889 : great interest

was imparted to it by Mr. S. C. Chandler's investigations,

which showed that its period when under observation was

about seven years, but that the orbit had been much
disturbed by a near approach to the planet Jupiter in

1886, and that the comet was very probably identical with
Lexell's comet of 1770, which had not (in consequence also

of Jovian attractions) been seen since the year of its dis-

covery, though calculated to have a period of only about
five and a half years. However plausible this view seemed,
later investigations made by Dr. Lane Poor have (as was
pointed out by the writer in an article contributed to the
number of Knowledge for last November) thrown very
considerable doubt upon it, which can only be cleared up
by the results of the observations which it is to be hoped
will be obtained in 1896.

In 1897 also two periodical comets will be due. The
first of these was discovered by D'Arrest at Leipzig in

1851, found to have an elliptic orbit with a period of about
six and a half years, observed in 1857 and at every
subsequent return except that due m 1884 ( when it was
unfavourably placed), passing its perihelion on the last

occasion on the 16tli of September, 1890, so that another
return will be due early in 1897. The other is Swift's

comet, to which we have already alluded, and which since

it acquired its name in 1880 has only been seen at the
last return in 1891, having been unfavourably placed for

observation in 1886. Fiut, as already remarked, it was
first discovered by Tempel in 1869, and another return
may be expected early in 1897.

In the summer of 1898 a return will be due of the

comet known as Winnecke's, since he detected it in 1858,
and showed that it was identical with one discovered by
Pons so far back as 1819, with a period of about five and
a half years; it escaped observation in 1863 (as it after-

wards did in 1880), but was observed near perihelion in

1869, 1875, 1886, and 1892, so that another return may
be expected in 1898. About the same time a return of

Encke's comet will again be due ; and La the autumn of the

same year a fine comet, which was discovered by Dr. Max
Wolf of Heidelberg on the 17th of September, 1884, found
to have a period of nearly seven years, and well observed
at the last return in 1891.

In the last year of the present century a return of

Tuttle's comet will be due. This body occupies a
unique position in having a period of somewhat less

than fourteen years. It acquired its name after Mr.
Tuttle had detected it in 1858, but the calculations

made of its orbit showed that it was identical with
one discovered by iMcchain (also the first discoverer,

as we have seen, of Encke's comet four years before) in

1790, -and it has since been observed at returns in 1871
and 1885, passing its perihelion on the 11th of September
in the latter year. The interesting comet discovered by
Mr. Holmes at Islington in November, 1892, will also be
due in 1899, as its period is less than seven years. Later
in the same year another return may be expected of Mr.
Finlay's comet, which has a period of about six and a

half years, and has, since its discovery by Mr. Finlay in

1886, been observed at the return which took place in the

summer of last year (1893). But, in addition to all

these, a very interesting cometary visitor will be eagerly

looked for in 1899 ; we mean the one moving in the
same orbit as the Leonids, or mid-November meteors. The
comet has only hitherto been seen in the winter of 1865,
when Tempel discovered it on the 19th of December, and
it passed its perihelion on the 11th of January, 1866. Its

period, like that of the meteoroids, is about thirty-three

and a quarter years ; and it is the comet of shortest period

which moves in a retrograde direction, all those of shorter

periods revolving round the sun in the same general

direction as the planets.



The Lick Thirty-six-inch Refracting Telescope.

From a ])liotogrii]>h taken bv Mr. Burnham within the Dome of the Lick Observatorv. Foeiis, 57 feet 111 Inches.



The Mounting of the Forty-inch Refracting Telescope, presented by Mr Yerkes to the University of Chicago.
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THE GIANT REFRACTING TELESCOPES OF
AMERICA.

By A. C. Ranyard.

WE live in an age when "records" are almost

daily being broken, but it is now almost half

a century since the largest telescope yet

turned to the heavens was completed by the

father of the present Earl of Rosse. He cast

his gigantic mirror, six feet in diameter, on the 13th April,

1842, and after nearly three years' labour it was mounted

at Parsonstown in February, 184;"i. This gi-eat telescope,

contained in a tube seven I'eet in diameter, with a focal

length of fifty-four feet, still remains the greatest light-

grasping instrument which has been turned to the stars ;

but its defining powers are very inferior to many smaller

instruments which have since been made.
It was not till 184(3, a year after the completion of the

Rosse reflector, that refracting telescopes reached a

diameter of fifteen inches. In that year, Merz and Mahler,

of Munich, completed two fifteen-inch refractors, one for

Harvard College Observatory, and the other for Pulkowa.

These comparatively small telescopes quickly showed

themselves to be superior in defining power to the great

Rosse telescope. With the Harvard telescope Prof. W. C.

Bond, in 1848, discovered Hyperion, the eighth satellite

of Saturn, a discovery which was almost simultaneously

made by Mr. Lassell in England, with a reflector of two

feet apertm-e of excellent defining powers. In 18.50 Bond
also discovered with the Harvard fifteeu-iuclr refractor the

crape ring of Saturn, a discovery which was likewise

very nearly simultaneously made in England by Dawes,
with a refracting telescope of smaller aperture.

For about fifteen years the limit of aperture for re-

fracting telescopes attained by Merz was not exceeded ;

then America took the lead, and in 1860 Alvan Clark, the

father of the pi'esent instrument maker, made an eighteen

and a half inch refi-actor, with which he discovered the

companion to Sirius. For ten years this remained the

largest refi'actor in existence ; then England took the lead

with a twenty-five inch object glass made by Cooke, of

York, for Mr. R. S. Newhall, of Gateshead, in 1870.

Three years later, Messrs. Alvan Clark and Son made the

twenty-six-inch refractor for the Washington Observatory,

with which the satellites of Mars were discovered. Then
followed two thirty-inch refractors, one made by the

Brothers Henry, of Paris, for the Nice Observatory, and
the other by Messrs. Alvan Clark and Son for the Russian
Imperial Observatory at Pulkowa ; and, lastly, the tliirty-

six-inch refractor made by Alvan Clark and Son for the

Lick Observatory. The optical excellence of the great

Lick telescope is vouched for by the work done with it by

Mr. Burnham on close double stars, and by the discovery

made with it by Mr. Barnard of the fifth satellite of

.lupiter.

American astronomers have always shown a preference

for refracting telescopes ; with the exception of the late

Dr. Henry Draper, who figured and mounted for himself a

twenty-eight-inch silver on glass reflector, no American
has constructed a reflecting telescope of any considerable

.size. Their scientific enthusiasm has restrained them
from merely endeavouring to outdo the Earl of Rosse in

the construction of instruments of great light-grasping

power, and has turned their inventive genius to the difficult

problems involved in the evolution and growth of the

achromatic telescope. The French still retam the lead

as the makers of large discs of optical glass from which
the large refractors are made. The disc of flint glass from
which the flint lens of the object glass of the Lick telescope

was made took three years to manufacture. It was

repeatedly tested and the defective parts were cut out and

replaced by fresh optical glass which was welded to the

original mass by pressure at a white heat ; the disc was

then slowly allowed to cool, and again tested, and any new
defects found were again operated upon.

The difficulty of manufacturing large homogeneous discs

of optical glass is, at present, the chief obstacle in the

way of increasing the size of achromatic telescopes. Such
large masses of glass are very heavy, and when supported

by their edges in a cell their weight causes the lenses to

bend ; but a small amount of flexure causes less disturb-

ance in the image thrown by a lens than a similar amount

of bending of a speculum would cause in the image thrown

by a speculum.

For if a reflecting surface is shifted through a small

angle the reflected ray is shifted through double the angle,

while a similar change in the position of a refracting

surface causes only a very slight shift in the direction of

the refracted ray. Thus it happens that though lenses

can only be supported by their edges, while specula can

be supported at their backs as well as at their edges, the

small distortions due to the weight of material cause a

greater disturbance in the image thrown by a large

reflector than in the image thrown by a large refractor
;

otherwise large reflectors would be vastly superior

instruments to large refractors, for with reflectors light

of all colours is brought to the same focus, while

the difficulty of achromatizing a lens increases with its

diameter, and the larger a refractor the greater must be

the ratio of focal length to aperture in order to obtain the

same degree of achromatism. Thus the focal length of the

Lick telescope is fifty-seven feet ten inches, to an aperture

of thirty-six inches, and the Yerkes telescope will have an

aperture of forty inches, and a focal length of nearly

sixty-four feet, or a ratio rather less than one to nineteen

instead of one to twelve as with small achromatics.

With every increase in focal length all the mechanical

difficulties connected with the mounting and the size of

dome and shutter increase as the cube of the focal length,

for the weight of all the parts increases as the cube of their

lineal dimensions. Consequently every efl'ort is made to

keep down the focal length of such large telescopes, so far

as it reasonably can be kept down consistently with a

sufficient degree of achromatization for defining purposes.

An observer who looks through one of these large refracting

telescopes for the first time is greatly struck with the

amount of outstanding colour around the stars. The
violet end of the spectrum is generally left outstanding,

and the star appears bathed in a field of violet light, which

however, interferes very little with the sharpness of vision.

Our second plate shows the mounting of the great

telescope which Mr. Charles T. Y'erkes is presenting to

the University of Chicago. It is dwarfed by the size of

the Exhibition building, but if the size of the figures

standing in the neighbourhood is compared with the

telescope it will be seen that it is much larger than the

Lick telescope, which at first sight looks larger.

The lenses for the Yerkes telescope are already roughly

figured, but they are not finished. Mr. Alvan Clark was

present at the last meeting of the Astronomical Society,

and gave the Fellows an account of the way in which the

work is proceeding. I have also received some additional

information from Prof. Hale, who is at present in Berhn.

The flint lens is very white. It is a particularly fine

piece of glass and weighs about three hundred pounds.

Its thickness is about one and a half inches at the centre

and two and three-quarter inches near the circumference.

The crown lens weighs about two hundred pounds. It
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is about three inches thick at the centre and seven-eighths

of an inch at the circumference.

The flint lens corrects the crown so that the minimum
focus will be at about wave-length 561.

For photographic work with the spectroscope in the blue,

violet and ultra-violet, a small lens wiU be used near the

focus for correcting the chromatic aberration at the centre

of the field only. Dr. Huggius has used such a lens with
his visual objective, and succeeds in bringing the spectrum
from F to H satisfactorily to focus. The spectroscope thus
remains in its ordinary position, while in the Lick telescope,

when the photographic correcting lens is placed over the

objective, the focus is changed from fifty-seven feet ten

inches to forty-seven feet ten inches, and in practice the

spectroscope is not used when the corrector is in place.

The principal advantages of the small correcting lens are

:

(1) small loss of light from absorption
; (2) no change in

the principal focal plane
; (3) convenience in handling

;

(4) its weight is so small that no change in the balancing
of the telescope is necessary on adding the corrector. Its

chief disadvantage is that a small lens so near the focus

only gives a small field of view, but this is immaterial for

stellar spectroscopy.

The telescope, dome and shutter will be moved by
electric motors controlled by buttons on a key-board at the

eye end, but the motions can also be directed from the
balcony at the head of the telescope, and from a table in

the observing room.
Hydraulic rams, which can also be controlled electrically

in the same manner, will lift or lower the whole floor of

the observatory, so that no observing ladders will be

necessary.

The clamps of the telescope are operated by powerful
electro-magnets, and it has been found that the instrument
can be instantly clamped much more firmly than in a

longer period by hand.
The driving clock, which weighs about one and a half

tons, is never allowed to run down, but when the weight
has descended to a certain point it automatically starts an
electro-motor, which winds the clock up again.

All the motions, clamps, &c., can be operated in the
ordinary way by hand.
The dome for the Yerkes telescope will be eighty feet in

diameter, and the observing shutter will be fifteen feet wide.
The tube for the Yerkes telescope is forty-two inches in

diameter at the objective end, fifty-two inches at the
centre, and thirty-eight inches at the eye end. The sheet
steel forming the tube varies from 7-3'A inches in thickness

at the centre to 1-8 inches at the ends. The total weight
of the tube is six tons.

The declination axis carrying the tube is of forged steel,

twelve inches in diameter and twelve feet long ; its weight
being one and a half tons. It runs in segmental bearings
in the declination sleeve, which weighs four tons.

The polar axis carrying the whole system is of forged
steel, fifteen inches in diameter at the upper bearing and
twehe inches at the lower bearing, and weighs three and
a half tons.

The great weight of the bearings on these axes is almost
wholly relieved, and the resistance changed from sliding

to rolling friction by means of three bracelets or live rings

of steel rolls. One of these encircles the declination axis

near the tube, and one is placed above each bearing on
the polar axis. These anti-friction live rings are pressed
against the axes by means of adjustable springs.

The pier or column is made in five sections. The base
section weighs about eighteen tons, the other sections

weigh about five and a half tons each. 'I'he height of the
column from base to top is thirty-one feet four inches.

Each section of the pier is above six and a half feet high.

The head of the pier is of cast iron, in one piece, and
weighs five and a half tons. The total weight of the

pier and head is about forty-five tons. The height from
the base of the pier to the centre of motion is forty-three

feet six inches, and the total weight of the whole telescope

and mounting will be about seventy-five tons.

Mr. Yerkes has purchased about fifty acres of land on the

borders of Lake Geneva, Wisconsin, as a site for the new
Observatory. The plans for the building are now being

prepared and its construction will be commenced in the

spring. The Observatory will be about one hundred and
fifty feet above the lake, and at a distance of about

seventy-five mOes from Chicago. Prof. Hale has been
appointed Director of the Observatory, and Mr. Burnham
has recently been appointed Professor of Practical

Astronomy in the University of Chicago and Astronomer in

the Yerkes Observatory. No other members of the stafi"

have as yet been appointed. With two such exceptionally

able astronomers, one may confidently look forward to

many important discoveries being made on the borders of

Lake Geneva.

The size of Knowledge will, fi-om the commencement of

this year, be increased by the addition of four pages.

Notation for the Lines of the Hydrogen Spectrum.—
Prof. H. C. Vogel has recently suggested (Astr. Xach.

3198) a slight change in the notation for the lines of the

hydrogen spectrum, which wUl do away with a present

cause of confusion. The four lines in the visible portion

of the spectrum, C, F, " near G," and h, have long been
known as Ha, H^, Hy, and Ho. When Dr. Huggins
discovered the series of hydrogen lines in the ultra-violet

region of the spectra of white stars, he distinguished

these by the letters of the Greek alphabet, beginning with
the line at A 3889 as a. From the first it was extremely
probable that these lines were due to hydrogen, but now
that their origin is definitely established, the occurrence

of a double a and p, itc, in the series is a decided

inconvenience. Prof. Vogel therefore proposes, and Dr.

Huggins supports his proposition, to call the fifth hydrogen
line, formerly known as H or Hj, He ; and the first line of

the Huggins series H?. AU the other lines of the

Huggins series will thus be advanced five steps in the

Greek alphabet, and the line A 3704, formerly known as i,

will now be HJ. —-..,

—

A restoration of Canjphodon, one of those large mammals
that appear so suddenly in the lower Tertiary rocks, by
Prof. Marsh, appeared in the Geological Maijazine for

November. He controverts entirely Osborn's opinion that

this animal walked upon the tips of its toes with its fore

limbs after the fashion of the elephant, while with its hind
limbs it was plantigrade after the fashion of a bear.

Perhaps the most striking characteristic of these early

mammals is the minute brain, which is proportionately

even less than that of many reptiles and amphibia. The
cast of the brain case, both of this animal and its near

relative the Deinoceras, show a ratio of brain to skull less

even than that obtaining in the frog.

The Latwet bacteriologists could scarcely be expected to

leave our ice alone during the terrible heat wave of last

summer. In the laboratory cultures from 400 to 700 colonies

of bacteria per cubic centimetre of melted Norwegian
ice were obtained, and with this distressing fact they
inoculated the press and produced a mild epidemic of

paragraphs. The advice tendered the public was to use

ice from distilled or sterilized water, but where is it to be

obtained '?
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The Buyal Niituial History. Edited by Richard
Lydekker, B.A., F.G.S., &c. Parts I. and II. (London ;

F. Warne & Co.) If the two parts of this book which
have been already published are fair samples of the thirty-

six in which it is to be completed, the complete work
will certainly be the handsomest and most readable book
on j^enei'al zoology which has as yet appeared. It does

high credit to all who
have had a hand in its

production, being not only

full of information con-

veyed in simple and more
comprehensible language

than zoologists ordinarily

employ, but it is beauti-

fully illustrated with

wood-cuts and coloured

pictures that exhibit a

liigh degree of artistic

merit i-ontrolled by scien

tifie accuracy. In the

two parts before us we
have the fir.st instalment

of Mr. Lydekker"s treatise

on mammals, which is to

extend over fifteen

monthly issues, and is

to be followed by an im-

portant section devoted to

birds, to which Dr.Bowdler
Sharpe, Mr. Ogilvie Grant
and Mr. Macpherson are

to contribute largely ; the

remaining twelve parts

will continue the survey

of the descending series of

form s of life to the lowest of

the inverteln-ates. Part I.

has a capital introductory

chapter on mammalian
characteristics, and the

attack on the constituent

orders is opened with an
exhaustive survey of the

Primates, which are re-

viewed si'riiitim from the

anthropoid apes to the

colobine monkeys ; the

subsequent groups down
to the marmosets occupy-

ing the second part.
Every genus is described

in full, over a hundred
and thirty representative

species coming under
notice, most of them at

considerable length, with

much that is interesting

as to their distribution,

habits, and history ; and
this information is not of

the obsolete, hearsay kind

frequently thought good
enough for repetition in

popular works on zoology,

which contain much that

the student has subsequently to unlearn. The chief place

amongst the many excellent features of this work must be

given to the broad and powerful treatment of the palsonto-

logical side of the subject, which, as our readers already

know, Mr. Lydekker is specially fitted to deal with. Every
species is compared with its nearest allies or direct repre-

sentatives as revealed in the record of the rocks. The
illustrations are very numerous and cannot be too warmly
praised. The first, which we are permitted to reproduce

represents a gorilla family.
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Mr. Lydekkcr's description of the larger anthropoid apes

will be found extremely interesting. He reminds us that

a full-grown male gorilla, if standing in a perfectly upright

position, will generally measure rather more than six feet

in height ; and since his body is much more bulky, and his

limbs are longer than those of man, he is considerably

the lai-gest representative of the Primates. Gorillas

habitually live in small families, having young ones of

various ages with them. They live a wandering life and
do not frequent the same sleeping-place for more than

three or four consecutive nights, travelling considerable

distances through the dense forests in search of fresh

supplies of suitable food.

Although in appearance male gorillas are somewhat
unwieldy creatures, yet they are most active and inde-

fatigable climbers, and are said to ascend to the very tops

of the forest trees, where they pass from tree to tree

almost as readily as the far lighter spider-monl:eys of

Brazil. They are also capable of taking leaps from great

heights to the ground without damage to themselves. Herr
von Koppeufels says that he saw an adult spring from a

tree at a heiji:ht of some thirty or forty feet, and on

alighting disappear into the scrub.

Of all the large man-like apes, those which on the whole

make the nearest approach in bodily structure to man are the

chimpanzees of western and central equatorial Africa. In the

autumn of 188ri a young chimpanzee, called " Sally," was
purchased by the Zoological

Society of London. Mr. Bartlett,

the superintendent of the society's

gardens, soon recognized that she

was very different from the true

or common chimpanzee, and he
considered that the animal was
probably one of the black-faced

chimpanzees, termed by Du
Chaillu "bald chimpanzees."
The ordinary chimpanzee has a

white or pale flesh-coloured face,

hands, and feet, and isavegetable

feeder, but " Sally" showed a dis-

position to live upon animal food.

Mr. Bartlett says that soon after

her arrival he found that she

would kill and eat small birds
;

seizing them by the neck, she

would bite off the head and eat

the bird—skin, feathers and all.

For some mouths she killed and
ate a small pigeon every n)ght,

but after a time her keepers

supplied her with cooked mutton
and beef tea, upon which she did

very well. She was an expert

rat-catcher, and caught and killed

many rats that entered her cage
during the night.

Mr. Bartlett soon recognized

that her intelligence was far above
that of the ordinary chimpanzee

;

she quickly recognized those who
had once made her acquaint-

ance, and paid marked attention

to men of colour by uttering

a loud cry

—

Inni, bun, Inin.

Dr. J. G. Romanes made her
acquaintance and endeavoured
to test her mental powers. His
account of her was written in

1889, after she had been nearly six years in the Zoological

Gardens. He compared the intelligence of " Sally " to

that of a child a few months before emerging from the

period of infancy, and considered that it was far higher

than that of any other mammal, with the exception of man.
In spite, however, of this relatively high degree of

intelligence, the creature's power of making vocal replies

to her keepers, or those with whom she was brought into

contact, were of the most limited kind. Such replies were

restricted to three peculiar grunting noises. One of

these indicated assent or affirmation ; another, of very

similar intonation, denoted refusal or distrust ; while the

third, of totally different intonation, was used to express

thanks or recognition of favours. In disposition, says

Dr. Romanes, "Sally" was like many of her sex, apt

to be capricious and uncertain, although on the whole
she was good-humoured and fond of her keepers, with

whom she was never tired of a kind of bantering play,

which was kept up at intervals almost continually. By
singing in a peculiar kind of monotone in imitation of her

own utterances, her keepers were usually able to induce

her to go through a series of remarkable actions, the

meanings of which were not very apparent. First she

would shoot out her lips into a tubular form, uttering at

the same time a weird kind of howling note, interrupted at

regular intervals. The pauses would, however, gradually

become shorter and shorter, while the sing-song became

ALLY," THi; JJlACK-FaC'KD C'HIStrANZEE.
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louder and louder, until it ianally culminated in a series of

yells and screams, not unfrequently accompanied with a

stamping of the feet and a violent shaking of the netting

of her cage. After this climax the utterance of a few

grunts terminated the performance.

It occurred to Dr. Romanes (from whose account Mr.

Lydekker quotes) that " Sally " would be a good subject

on which to test the powers of an ape's intelligence. He
foimd, however, that his experiments were seriously

hampered by the effects on the creature of the visits

of the numbers of people who were constantly passing

in and out of the room in which she was kept, and

there is consequently little doubt that under more
favourable circumstances the results obtained would
have been more remarkable than they are. Having
secured the assistance of the keepers, Dr. Eomanes
requested them to ask " Sally" repeatedly for one, two, or

three straws, which she was to pick up and hold out from

among the litter strewing her cage. The number of straws

asked for was constantly varied and never followed any
regular order, and when the correct number was presented

the animal was rewarded by a piece of fruit, while if the

number was incorrect her offer was refused. In this way
the ape was easily taught to associate these three numbers
with their names. Lastly, if two or three straws were

demanded she was taught to hold one or two in her mouth
until she had picked up the remaining straw, and then to

hand the two or three straws together, This prevented

any error arising from her interpretation of vocal tones.

As soon as she understood what was required, and had
learnt to associate these three numbers with their names,
she never failed to give the number of straws asked for.

Her education was then extended in a similar manner
from three to four, and fi'om four to five straws. Here
Dr. Romanes allowed her education to terminate. But one

of her keepers endeavoured to advance her instruction as

far as ten. Although she very rarely made a mistake in

handing out one, two, three," four or five straws, and was
usually accurate in handing out as many as six or seven,

when the numbers eight, nine or ten were named the

result became more and more uncertain, so as to be

suggestive of guess-work.
It was evident, however, that she understood the words

seven, eight, nine and ten to betoken numbers higher than
those below them ; and if she was asked for any of these

numbers, she gave some number that was above six and
not more than ten. On the whole, therefore, while there

was no doubt that " Sally" could accurately count up to

five, beyond live her accuracy of computation became pro-

gressively diminished. Owing to the method of picking

out the straws above described, the operation was a slow

one, and imposed a considerable tax upon her patience

;

and as her movements were deliberate and her store of

patience small. Dr. Romanes thought that the uncertainty

which attended her dealing with the numbers six and
seven was more frequently due to her losing patience than

to her losing count, although after seven he believed that

her computation of the numbers became vague.

We heartily concur with the popular Secretary of the

Zoological Society in commending " The Royal Natural

History," not only to every naturalist, but to every lover

of nature.

Our Household Insects ; an account of the Insect Pests

fouiul in Dwell in;/- Houses. By Edward A. Butler, B.A.,

B.Sc. (Lond.), Author of "Pond Life," "Silkworms,"
&c. (London : Longmans, Green & Co.)—Mr. Butler is

already well-known to the readers of Knowledge, and
they will welcome this collection of his papers, issued in

book form, and provided with an index. We usually

associate the pursuit of entomology with summer weather

and the open air ; but Mr. Butler's book will afford occupa-

tion for winter evenings, without imposing on readers the

necessity of going very far from their own firesides ; though it

is to be hoped that they will not meet in their homes with

specimens of every insect described by him. Thanks
to the spread of education, and to the improved observance

of the precept that " cleanliness is next to godliness,"

fleas, bugs and lice are now practically banished from most
middle-class dwellings. On the other hand, there are no
houses in which representatives of some of the insects

whose history is related in this book cannot be found.

The common cockroach (otherwise known as the black

beetle) is, perhaps, the largest and best known of all house-

hold insects ; and Mr. Butler wisely devotes some thirty

pages to a sketch of its life-history and anatomy. As it is

the largest of household insects, it is the best of them for

dissecting purposes, and its internal organs can be studied

without the use of a high power microscope ; and with the

advantages of Mr. Butler's guidance, any ordinary observer

who has not first-class appliances can obtain some practical

knowledge of the digestive, circulatory and nervous systems

of the insect world. As Mr. Froude has attempted to white-

wash Henry YIIL, so does our author attempt to whitewash

the wasp ; but we fear that suspicion of wasps is so deeply

rooted in the human breast that it will be long before men,
and especially women, will learn to regard a wasp with

equanimity, and to look upon him as a benefactor to

mankind. Why do we always speak of the wasp as "he '"

'?

As a matter of fact, the male wasp is without a sting, and
can be easily distinguished from the female and from

workers by his antenniP, which are longer than theirs
;

but when a wasp is buzzing, who stops to consider the

length of his antenniB ? The ladies of the household

will be interested in studying the various clothes moths, of

which at least four species are known, though probably

more species suffer from the mistaken zeal of the house-

wife when she is defending her beloved stores of linen and

furs ; and it should be remembered that when she dis-

covers the moth issuing from the cupboards the mischief

is already done, for the winged nioth does not damage
clothes, it merely lays the eggs from which come the

caterpillars, who are the destructive agents. It is pleasant

to find that some of the best known and most noxious house-

hold pests are importations to this country, and are not

aborigines. The cockroach and the bed bug were unknown
in England till the sixteenth century. By the way, these

two insects are deadly enemies, and in the London slums

the cockroach proves himself a friend of man by devouring

numbers of bugs. Mr. Butler tells us of other insects

that have not been acclimatized, but have been brought

to this country in packages of foreign goods. He has

discovered a fine large South American weevil in a

gooseberry tart ; and I remember sitting beside a friend

when he found a Russian beetle in a cranberry pie. In

England we think with disgust of savages who are in the

habit of eating insects ; but beetles and meal-worms are

fi-equently ground up with corn into flour, and are not

detected in bread and pastry, and it is not only corn which

is liable to be thus adulterated. A recent writer says, " I

have known bushels of cocoa nuts, which were every one

worm-eaten and fuU of maggots, with their webs, cast-ofi'

skins, pupje, and cocoons, all groimd down to make
chocolate—flavoured, I suppose, with vanilla."

Mr. Butler's method of writing will stimulate many to

observe for themselves. We trust that he will not let the

pen drop from his fingers, but will continue to instruct us

in the habits of insects with the same charm of style

and accuracy of observation which this book displays.

Oxford. A. Ballaku.
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Wcatltfr Lore : n Cnllevtion of Proverbs, Sayintifi, and
Rules concerniwi the Weather. By Eiehard Inwards,

F.K.A.S. (London : Elliott Stock, 1893). Mr. Inwards'

handsome book, of nearly two hundred pages, contains an
interesting mine of weather lore. Many of the proverbs

afford evidence of keen observation, though most may be

said to be only of interest as they point to ancient super-

stitions and the universal tendency of mankind to form
general conclusions from a too limited observation of facts.

Mr. Inwards notes that a great many proverbs about the

weather i-ome from Scotland, and but \ery few from
Ireland. He has collected the " fossil wisdom " about

the weather from Eoman and Saxon times onward, and
notes that proverbs concerning particular days must, on
account of the reformation of the calendar, be held to refer

to times a little later than the dates now affixed.

Scicncr Notts.

Mr. Enock, in the Entomnlotjist, seems to forebode a

plentiful crop of Hessian fly this year. The farmers, he

says, are actually " sowing Hessian fly, " by spreading

the screenings from the threshing machine with the rough

manure. He suggests /Vce distribution of illustrated sheets

by the Board of Agriculture ; but one is tempted to ask,

What is the Royal Agricultural Society doing ?—.--*

—

Every student of astronomy has read of the luminous

outburst observed upon the sun by Messrs. Carrington and

Hodgson in 1859, and the magnetic disturbances which
were supposed to be caused by it or to be simultaneous

with it. Two brilliant objects appeared upon the sun,

near the edge of a simspot, and, after travelling a distance

of about thirty-six thousand miles across the surface in five

minutes, disappeared. There can be little doubt as to the

accuracy of the solar observation, but the statement that

the phenomenon was immediately followed by a magnetic

storm does not appear to be founded upon fact, though the

majority of astronomical text-books lay great stress upon
the connection between the two phenomena. An examina-

tion of the case has led Mr. W. Ellis, of Greenwich
Observatory, to the following conclusions : (1) The solar

outburst in 18.59 was seen independently by two obser\ers ;

the fact of its occurrence seems, therefore, undoubted.

(2) The corresponding magnetic movement was small.

(3) Many greater magnetic movements have since

occurred. (1) No corresponding solar manifestation has

been again seen, although the sun has since been very

closely watched. The erroneous impression has been long-

lived, but apparently it must now be abandoned.—I * I

—

The probable origin of cannibalism has recently been

discussed by H. Henkeuius. He considers that hunger

was the original incentive, and that the vice was persisted

in from choipe. Many writers are of opinion, however,

that religious motives are accountable for the origin of the

custom, and in Polynesia and Central America it certainly

occurs most frequently in connection with religious cere-

monials. Peschel has pointed out that tribes distinguished

by a certain social and intellectual advance are frequently,

up to a certain point, more cannibalistic than their less

civilized neighbours ; and this would support the view

that one chief motive for the practice may be the rather

complex idea of acquiring the strength and virtues of the

fallen. The proceeding would certainly seem to be anta-

gonistic to tlie instincts of the greater number of mam-
malian species, and to require as a condition such a con-

flicting incentive to these as a strong mental persuasion

would supply.

A curious statement is made in the report of the Royal
Commission on the Water Supply of the Metropolis. It

is stated that disease-generating bacteria floiurish better in

distilled water, or water previously sterilized, than in

ordinary river water where other bacteria, as for instance

those engaged in putrefaction, are present. There is a

natural antagonism between pathogenic and uon-patho-
geuic bacteria. Hence where we have very pure water,

such as is obtained from the deep chalk, an accidental

fouling by infective matter may be more disastrous than if

the supply were ordinary river water. This would tend

to revolutionize our conception of the necessary conditions

of safety in the matter of drinking water.

11 r 1 1 r V s

.

[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]

COMPARISON OF STAK-PHOTOGRArHS.

To thf Editor of Knowledge.

Deab Sir,—In the October and November numbers of

Knowledge are letters from Mr. Glew and Mr. Wilson on
a method of comparing different photographs of the same
region of the sky, for detecting changes, by superposing a

positive (on glass) from one of the negatives over the other
negative.

I originally proposed this method in the Astronomische

Xachrichten (No. 3101) nearly two years ago, and have
used it before and since that time.

I enclose a copy of the Nachrichten containing my note

on the subject, which I would thank the Editor if he would
kindly reproduce in Knowledge, as it seems not to have
reached the eyes of some readers, though it was noticed

by several astronomical journals when it was published in

the Xachrichten.

Moimt Hamilton, California, E. E. Barnard.
November 20th, 1893.

A simple and rapid method of detecting changes on celestial pho-

tographs due to moUon or varlahiliti/ of thp celestial bodies.

By E. E. Barnard.

'' Tlie general adoption of photography for the charting of the

heavens suggests tlie desirability of some means of facilitating

the comparison of photographs of any one region on different

dates, for the detection of change or variability.
" The most careful inspection of such plates by the ordinary

methods would be laborious, and would scarcely reveal changes
unless they were very striking—repeated measurements of every
object being out of the question.

"In thinking this matter over, it would seem that an admir-
able and almost in-stantaneous method is applicable where the

photographs have been made with the same instrument— the

scale remaining unaltered.
" Suppose two such jihotogiaphs to have been made on

different dates. From one of these negatives, say number one,

make a glass contact positive. Superpose this upon negative

number two—film to film. Since the scale in each case is the

same, the superposed negative number two will completely blot

out every image on the positive from number one, if in the

meantime none of the objects has moved. If, however, any
change has occurred, the images of the moving olijects on the

positive will not be obscured, and by holding the two plates, so

superposed, to the light the eye will instantly detect the fact

by the unobscured image of the object on the positive from
plate number one. Now if the interval between the dates of the

two photographs is not so great that the moving object has left

the region photographed, it can be easily found on plate number
two by making a positive of that ])late and superposing it on
negative number one ; the position of the object again being

made evident bv the unobscured image.
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" It would seem that this method would be about the only
one at all applicable to a photographic search for any planet

exterior to Xeptune, as the slow motion of such an object would
prevent its trailing on the plate, and it could not possibly be
distinguished from the multidudes of small stars on the photo-
grajjhs by ordinarj- inspection.

" Photographs made with an interval of a few years, and
thus compared, would at a glance reveal dis]ilacements due to

proper motions of the stars—assuming that the scale suffered

no change in the meantime.
' Comparisons thus made would also readily reveal the pre

sence of variable stars.

" In superposing two negatives of the same region of the

sky, correctly oriented to each other, very singular and interest-

ing systems of circles, Ac, are formed. These change their

positions and extent with every slight shifting of one of the
negatives from exact coincidence with the other."

PHOTOGRAPHIC NEBULOSITIES IN THE MILKY WAY.
To the Editor of Knowledge.

Dear Sir,—In the continuation of the photography of

the Milky Way, one of the plates having shown near its

edge a rather remarkable and large nebula where none had
been previously recorded, I decided to give a specially long

exposure on it, though the object fell in a blank region of

the Milky Way, in one of the large dark areas. With the

nebula in the 'middle of the plate, on October 13th, 1893,

an exposure of seven hours was given, from 8h. 20m. to

15h. 20m. standard Pacilic time. The instrument used
was the Willard lens, with which all the Milky Way and
comet photographs have been made. The aperture of

this instrument is six inches and the focal length thirty-

one inches.

The resulting picture shows a very singular and
remarkable object—a straggling group of bright stars in

the centre of a vast nebula over 2^ in diameter. This
nebula, which is roughly roundish, has numerous irregular

vacancies and zigzag lanes in it, and seems to mingle
indefinitely with masses of small stars and become part of

them. As shown by the photograph it occupies a very
singular region, distantly surrounded by vast multitudes of

small stars.

The group of stars itself is visible to the naked eye as a

hazy spot, about 3° north-west of the variable « Cephei.
The brightest star in the group is D.M. + 50° 2617,

1 •!• e lorr rv • a = 21h. 34m. 29'8s.
whose position for 1855-0 is « _ -„o ,„ „,

which may also be taken to represent the place of the
nebula.

The bright star near the north-west corner of the

unenlarged plate is a. Cephei. Five degrees south, and a
little west of a is shown the red star 2 2729, which is a

beautiful double. Preceding 2 2720 is the f3'5 magnitude
star D.M. -f 57° 2309. This latter star the photograph
shows to be surrounded by a rather unsymmetrical dense
circular nebulosity. The nebulosity is a little denser
following the star. The position of this object for 1855-0

a. = 21h. 13m. 21-ls.

5 = Jr 57° 58-9'.

This was not previously known to be nebulous, though
the nebulosity can be seen as a hazy glow about the star

with the telescope. In the 36-inch the star itself is found
to be a very unequal double. Two nights' measures give

for it jjgjojjgg
°

4-40"
' '^^^ smaller star is about 13^

magnitude.

I also send an enlargement which I have made of the
central part of this plate showing the large nebula to

better advantage, the magnification being about 2^ times.

This brings out very beautifully the singular structure of

IS

the sky in the region of the nebula. When viewed at a

distance of a few feet the effect is enhanced
; it is then

seen that the sky (Oi' Milky Way) is broken up into

numerous black cracks or crevices. Looking at these

peculiar features, I cannot well see how one can avoid the
conclusion that they are necessarily real vacancies in the
Milky Way, through which we look out into the blackness
of space, I am aware that Mr. Kanyard is opposed to

this view, and I would like to have his opinion of the
real nature of these apparent crevices in the Milky Way,
as shown on this particular plate.

Among the many curious things shown on this photo-
graph, besides others which I have not the time to elaborate

on, will be seen a curious arch of small stars close

following the second brightest star in the nebula. About
3° following the nebula, and a little north, is a very
singular elliptical dark opening surrounding an island of

small stars.

In reference to nebulous stars, I would say that a photo-
graph on September 17th, 1803, with three hours' exposure,

shows cu Orionis to be nebulous ; there is a curved spur of

nebulosity running from the .star north-westerly, and a
larger mass some 20' north of the star. A Orionis is also

nebulous, with the heaviest part of the nebulosity to the

west. These are verified with the 12-inch.

Another picture, with a longer exposure, seems to show
a large elliptical nebulosity attached to and extending
southerly from a. Orionis. This latter, however, must be

verified by another and longer exposure, though the
nebulosity, if real, is strong enough on the present plate.

Mount Hamilton, California, E. E. Barnard.
November 14th, 1898.

To the Editor of Knowledge.

Dear Sir,—The interesting article on the solar faculse,

in the December number of Knowledge, prompts me to

send you some results of my own recent experience with
regard particularly to the reversals of the H and K lines

on the Sim's disc and in the prominences, these being in

some respects at variance with the conclusions of M.
Deslandres.

A careful examination of all the spectrum photographs
I have obtained appears to show that, whilst every true

facula giving a continuous spectrum reverses the calcium
lines, other bright reversals are sometimes present, having
no corresponding facula?. In certain spot spectra, for

instance, the reversals are found to be continuous over
the whole of the disturbed region, very intense but single

over the spots, and wider with a central absorption line in

the neighbouring facula?. As a rule, however, the umbra
of a spot appears to give no calcium light. Thus, I should
be inclined to agree that the forms photographed with H
or K light by Prof. Hale, and recently also by myself,
would be more correctly described as " faculous gaseous
protuberances " than faculas, for they evidently do not
correspond exactly with facul*.

Where I difler from M. Deslandres, however, is in

regarding both kinds of reversal as ordinary prominences
seen in projection upon the disc, and I think I have
obtained ample evidence showing that this may be
true only with regard to what I may call the eruptive

reversals having no corresponding faculie. According to

my experience, the ordinary faculie do not reverse the

hydrogen lines. If these objects were really prominences
one would expect to find the hydrogen line t, the com-
panion to H, of the same relative intensity as it is in the

prominences at the limb ; but I have failed as yet to find

any trace of this line. Furthermore, I have several times
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observed the faculsE reversal when at the limb without
finding any j)rominence over it, and I think I may say
that, as often as not, the calcium reversal ends abruptly
in the chromosphere.

Again, the faculse are concentrated in the zones of spot
formation, and cover such vast areas as to present the
appearance in Prof. Hale's beautiful photograph of two
nearly continuous belts, one on each side of the equator,
forcibly reminding one, as Prof. Hale has himself remarked,
of the equatorial belts on Jupiter. The prominences, how-
ever, are by no means confined to this region ; in recent
years I have found them mostly developed in much higher
latitudes, in zones which appear to drift from mid-latitudes
towards the poles (see Asti-utiumi/ and Astyo-Physirs, No. 105,
p. 427). The prominences found in the faculous region,
say ± 10°, are very sparsely distributed in longitude, and
the area occupied by them is certainly much less than
that covered by faculiB. Thus I do not think that there
is any direct correspondence between these phenomena.
The comparatively rare metallic and eruptive promi-

nences are, however, found almost exclusively in the spot
regions, and I think it highly probable that these are
developed from facuhv in disturbed regions, and it is to
these that I should attribute such phenomena as- the
sudden veiling of a spot by calcium vapour, so well shown
in the photographs taken by Prof. Hale on July 15th,
1892 yAstniwimi/ and AsDyi-FIii/sirs, No. 110), and I will
venture to predict that these eruptive reversals will show
also the companion line to H reversed ; thus distinguishing
them from the true facuhc.

My conclusion, therefore, is that monochromatic photo-
graphs obtained by Prof. Hale's method in H or K light will
show faithfully all the true facuhe, but that occasionally
these forms will be masked by an overlying extension of
calcium vapour or by a prommence of exceptional brilliancy.
The ordinary prominences, I believe, cannot thus be
photographed in projection upon the disc.

Yours truly,

J. EVEESHED.
1 * I

To the Editor of Knowledge.

Gore Lodge, Glenageary, Co. Dublin,
5th December, 1893.

Dear Sir,—Referring to your observations relative to my
moonlight photograph, which you reproduced in your issue
of this month, the camera used had no "cap" arrange-
ment, and the shutter was closed by me before removing
the camera from the position in which the exposure was
made. I feel perfectly convinced that the plate received
no such irregular exposure as you imagine ; but it has
been suggested to me that the lightning-like marks may
be due to some phosphorescent insect having crawled over
the lens or plate. Yours truly,

Robert R. Levingston.

[If a phosphorescent insect had crawled over the lens
during the exposure, its light might have thrown a faint
general illumination on the whole plate ; but no image of
the insect would have been thrown on the plate. The'^fact
that the lightning-like trace does not extend to the edge
of the plate, but stops at the line which marks the edge of
the dark side, seems to show that the line was traced
while the plate was exposed in the dark slide. Supposing
that the light from a luminous insect crawling over the
plate was sufficient to leave a photographic trace, one
would expect the photographic action to be brightest at
the centre of the path and to decrease in brightness
gradually towards its edges

; but the band on Mr. Leving-
ston'3 plate has sharp edges. On the other hand, if the

light was derived from a firefly in front of the camera, it

must have been at a considerable distance, or its image
thrown on the plate would have been out of focus and soft

at the edges, in a camera which gave sharp images of a

distant mountain ; but it is hardly conceivable that a

distant firefly would have been sufiieiently bright to give

such a trace, and we know from the breadth of the trace

that the luminous object which caused it must have sub-

tended about half a degree in diameter as seen from the

camera.—A. C. Ranyard.]

THE SOLAR FACUL^.
By Prof. Geo. E. Hale.

THE almost simultaneous discovery of the doubly-

reversed H and K lines in the spectrum of the
faculfB, made by M. Deslandres and myself in

1891, was not altogether unexpected. Several

years earlier, Prof. Young had seen this bright

pair of lines in the spectrum of spots, but their position at

the extreme limit of the visible spectrum made satisfactory

observation imposible. Prof. Young found, however, that

the bright lines were not confined to the spot itself, but
extended on to the disc for a considerable distance.

With the application of photography the difiiculties of

visual observation disappeared, and the bright lines were
found, not only in the neighbourhood of spots, but also in

extensive regions irregularly distributed over the solar

disc. A dark central line of double reversal, which had
escaped the eye of the observer, was also clearly registered

upon the photographic plate. With a suflicient dispersion

it is occasionally found that the doubly-reversed lines

extend entirely across the sun. They are not uniformly
bright, but have alternate maxima and minima of

intensity. In the minima the lines sometimes seem to

disappear completely, but it appears probable that with
sufficient dispersion they could be photographed at any
point on the disc. The accompanying cut, which is a

direct reproduction of an enlarged photograph of the K

Sim's
Limb.

line (H is just on the edge of the field), will perhaps give

an idea of the character of the double reversal. On the

original photograph the lines are unbroken throughout

their whole length, and of nearly uniform intensity on

either side of a strongly-marked maximum. H and K are
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almost identical in appearance, except that the latter is

always the brighter of the two.

The question has been raised as to whether the bright

lines with dark centres are true double reversals, or simply

close double lines. A moment's consideration of the facts

of the case ought to leave no room for doubt on this point.

If a photograph of the spectrum is taken with the slit

lying across the sun's limb, it is found that the two bright

lines of the double reversal unite into a single bright line

at the edge of the disc, and this single bright line exactly

coincides in position with the central dark line of the

double reversal. This is shown in the photograph from
which the cut was made, but the reproduction fails to

bring it out.

The investigations of C'ornu and other physicists, on the

reversal of the lines of metallic vapours in the electric arc,

offer most striking analogies to the phenomena just de-

scribed. Through the kindness of M. Cornu, I have
recently had the pleasure of examining some of his photo-

graphs of reversed lines. The investigations were confined

to the ultra-violet, and the calcium lines which correspond

with H and K were not specially studied. The reversals

of other lines are similar, however, and will serve our

present purpose equally well. An ultra-violet line of

aluminium on one of the photographs reproduces the solar

H and K reversals so perfectly that it might readily be

mistaken for one of them, were there any doubt as to its

mode of production.

In M. Cornu's experiments an image of the arc was
formed on the slit of the spectroscope. A portion of

the metal, or one of its salts, was introduced into a

cup-shaped cavity in the lower carbon, and vaporized

by the passage of the current. Under these conditions

the central portion of the arc, where the line of sight

passed through the cool exterior vapour to the intensely

heated vapour and the glowing carbon poles, showed
the aluminium line reversed—two narrow bright lines

enclosing a narrow dark line. At the edge of the arc,

however, where the line of sight passed through only

the cooler vapour of the exterior, the two bright lines

united into a single bright line, corresponding in position

with the dark line seen in the first case.

We thus arrive at a basis for the interpretation of the

H and K reversals in the sun. In the arc we have a

reversed line produced by the absorption of the cooler

vapour of the exterior. The chromosphere would seem
to play the part of the absorbing vapour in the sun.

At the base of the chromosphere, or below it, is the

hotter vapour corresponding with that at the centre of

the arc. Here is the seat of the brilliant radiation of

calcium, which produces the two bright components of

the doubly-reversed H and K lines. The upper part of the

chromosphere, on the other hand, acts as an absorbing

screen, and produces the central dark line of the reversal.

A photograph of the solar disc secured by means of the

spectro-heliograph (using the K line) should therefore

show, not the entire chromosphere, but only its lower and
hotter parts.

The distinction is an important one when it is

remembered that photographs taken with the spectro-

heliograph show the entire surface of the sun to be

mottled over with small, irregularly-shaped, bright regions,

which seem to form a nearly unbroken reticulation

{Astronomy and Astro- Phi/sics, May, 1893, p. 450). This

is not to be mistaken for the well-kno-(\Ti "granulation,'' nor

for the "reseau photospherique " of M. Janssen. Neither

does it seem at all probable that the brighter regions are

merely elevations in the chromosphere, for if the upper

part of the chromosphere acts as an absorbing medium,

and produces the dark central line of the H and K reversals,

an increase in the depth of the chromosphere would certainly

not diminish the absorption. It seems likely that the

reticulation represents a true facular network, for thtf

small facuLe seen without the spectroscope near the sun's

limb, and well described by Secchi {Le Soleil, German
edition), are probably parts of the same reticulation.

Probably no sharp distinction can be made between the

base of the chromosphere and the upper surface of the
underlying faculse. The latter seem to be in intimate

connection with the interior of the sun, and one might
therefore expect to find the H and K lines very bright in

them.
In this connection it should be remarked that the H and

K lines over spots are frequently somewhat narrower and
less brilliant than on the disc, and the central dark line is

often absent. I have explained this as probably due to the

fact that we are here dealing with the radiation of the
chromosphere overlying the cooler region of the spot.

(Astrono?iri/ and Astro-Plnjsic^, 1892, p. 815).

In a recent paper on the " Physical Constitution of the

Sun " {Astronoiiii/ and Astro-Physics, 1893, p. 832), Father
Sidgreaves has expressed his belief that faculfe are promi-
nences seen in projection on the solar disc, and
M. Deslandres has advocated a similar hypothesis in

the December number of Knowledge (see also Cowptcs

rendiis, Nov. 27th, 1893). As my own position in regard

to the subject is evidently not fully apprehended by M.
Deslandres, I shall endeavour in what follows to state it

as clearly as possible.

In a note dated January 18th, 1892 (Astromomy and
Astro-Physics, February, 1892, p. 159), I wrote as follows

in regard to the regions on the sun's surface in which I

had found the H and K lines to be doubly reversed :
" On

January 12th, 1892, it was found possible to photograph
the /'(irrns of some of these reversed regions, using a moving
slit apparatus just completed for our large diffraction

spectroscope by Brashear. The K line in the fourth order

spectrum was employed, as is customary in the case of

prominences. The reversed regions are of great extent,

and in appearance closely resemble faculfe. Several

explanations may be suggested to account for them. They
may be :

—

" 1. Ordinary prominences projected on the disc.

" 2. Prominences in which H and K are bright, while

the hydrogen lines are absent.
'' 3. Faculfe.

"4. Phenomena of a new class, similar to faculie, but
showing only H and K bright, and not obtained in eye

observations or ordinary photographs because of the
brilliant background upon which they are projected."

Subsequently I found, by comparing photographs of

faculie near the sun's limb, made at the focus of a telescope

in the ordinary manner, with photographs of the reversed

regions made with the spectro-heliograph, that there was a

very close agreement in form. For this reason I adopted
the provisional name " faculaj " in subsequent references

to the bright regions shown on spectro-heliograms,

reserving an exhaustive discussion of the phenomena until

sufficient material had been collected for that purpose.

Part of this material, in the form of about three tliousand

spectro-heliograms and several hundred ordinary photo-

graphs of the sun, has already been collected and partially

reduced. It is intended that one of tlie first volumes of

publications to be issued by the Yerkes Observatory shall

be devoted to a discussion of these results. At the present

time, and at a distance from my photographic and other

records, I can discuss the subject only in a provisional

way.
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No one can doiibt that prominences, and particularly

eruptive prominences, are closely related to faculip. To
this point I have already called attention in the following

words :
"

. . . In a great many photographs taken
with the spectro-heliograph, faeulii? are shown projecting

above the sun's limb. And the intimate relationship

between faculfe and eruptive prominences is not less

evident, especially in composite photographs showing
faculaj and prominences on the same plate. When we
consider that rrnptiir prominences probably rise from
faculae, it is not at all surprising that such prominences
sometimes show a continuous spectrum in addition to

their bright lines. For a violent eruption would naturally

carry up with the prominence some " dust-like " matter
from the facula, which would give a continuous S23ectrum."

{Astronotny and Astni-l'hi/.iii-s, November, 1892, p. 815.)
The projection of faculse at the limb, while very

frequently shown in short exposure photographs" of the

sun's disc, is rarely much greater than the average depth
of the chromosphere. If faculse are prominences seen in

projection, or if they are always covered by prominences,
as Father Sidgreaves and M. Deslandres hold, these

projections should be much higher

—

i.e., we should always
find a prominence above one of these projecting facula^.

As a matter of fact, the long exposure spectro-heliograms
of the chromosphere rarely show prominences at such
points ; when prominences are present they are almost
invariably eruptive, and of small extent at the base. But
the projecting facuhe give the reversed H and K lines,

even when no prominence is present. M. Deslandres
states, however :

" Les facules sont, par definition, les

plages brillautes de la surface solaire. plages qui, ii

I'intensite gent'rale pres, donnent les memes raies noires

que les parties voisines, et correspondent aux parties

elevces, aux montagnes de la photosphere. Elles sont
distinctes des flammes de calcium audessus d'elles."

(Knowledge, December, IHOB, p. 230.)

It is probably true that the faculs are ordinarily quite
different from the prominences which sometimes cover
them, but I cannot see that any evidence, other than a
" definition," is oftered to prove the absence of the bright
H and K lines from their spectrum. These lines may
have their origin in hot calcium vapour distributed through
the mass of the facula, or confined to its outer portion, I

but I by no means consider it proved that the spectrum of
faculfB does not contain the bright H and K lines.

Leaving for a moment the question of facula>, let us
next consider whether prominences projected on the solar

disc should be rendered visible by the spectro-heliograph.
The reasoning which has already led us to the conclusion
that the nearly continuous reversals of the H and K lines on
the disc originate at the base of the chromosphere would
seem to apply with greater force to the base of promi-
nences, for here the H and K lines are apparently brighter
than in the surrounding chromosphere. And, in fact, I

have previously shown that certain outbursts on the solar
disc, which there is every reason to believe, are true
eruptive prominences, have been photographed at the
Kenwood Observatory with the spectro-heliograph (see

Axtmnomy and A.stiv-Fliysic.s, 1892, p. 611
;

ihid. p. 920,

* Obtained with the spectro-heliograph and also by direet exposure
at the focus of a telescope.

t It may eren be that the lines originate in the ehromosjihere
overlying the faeiJie. In this ease the inereased brightness of the
lines, as eonipared with their brightness in other parts of the ehronui-
spherc, would have to he accounted for. Any such brightcnino',

if due to the faeuloe, woidd in all probability be confined to those parts
of the chromosphere immediately overlying the faculfp, so that the
foi'm of the latter would still be obtainecl in s]iectro-heliogr,ams.

Plate xlvi., photographs of the eruptive prominence of -July

15, 1892 ; ihid, 1893, p. 454). Such brilliant outbursts

are quite exceptional, only seven having been found in over

two thousand spectro-heliograms.

While it is thus certain that some prominences can
be detected on the sun's disc, it is equally certain that

others cannot. Since .January, 1892, bright regions in

which the H and K lines are reversed have been found
only in or near the sunspot zones. Not having access

to our records, I cannot give the northern and southern
boimdaries of this facula zone with accuracy, but I do
not think we have photographed a single bright calcium
region more than 70° north or south of the equator.

During the same period our photographs have shown great

numbers of prominences of higher latitude than 70"', and
prominences have not been uncommon in the near vicinity

of the poles. Thus there are bright prominences which give

no indication of their presence when projected on the disc,

for by no flight of the imagination could the small and
evenly-distributed meshes of the facular reticulation be

supposed to represent the bases of such large and brilliant

prominences. In the face of this difficulty I prefer to wait

for further evidence before adopting the conclusion that

quiescent prominences in the sunspot zones can be photo-

graphed when projected on the disc.

M. Deslandres has suggested that the reversals of

calcium on the solar disc be called " dommi's faculuiri's,

nom qui est en accord avec les faits, et evite toute ambi-
guitc " I Knowledge, December, 1893, p. 231 ;

Coinptes

ivndus, November 27th, 1893). I regret that, for the

following reasons, I cannot consistently adopt this name :

—

1. The use of the identical term " flame," commonly
employed to describe one variety of chemical combination,

is objectionable because we do not know that the solar

and terrestrial phenomena referred to are in any way
similar.

2. I have oftered evidence to show that many faculas

are not covered by prominences, but themselves give the

H and K lines.

3. Even if it could be shown that all facula? are covered

by prominences, it would seem unnecessary to replace the

well-known term "prominence" by a less satisfactory

synonym.
For the present, if one does not wish to commit him-

self by speaking of faculte and prominences on the disc,

the general term "calcium reversals" may perhaps be

used, though it is not altogether free from objection.

As to the electric origin of the bright H and K lines in

the sun (Deslandres lac. cit.), it seems to me that the

merely negative evidence at our disposal is not a safe

foundation on which to build an argument. It is true

that the hydrogen spectrum has not hitherto been

obtained in the laboratory by the simple efi'ect of heat,

but it does not follow that this gas v,-ould not give a

spectrum of bright lines when subjected to solar conditions.

The H and K lines of calcium had not been obtained

artificially without electrical means until I succeeded in

photographing their feeble radiations in certain flames

(see Antronnmi/ and A.stro-FIu/sini, 1893, p. 452). At
solar temperatures these radiations may be greatly

strengthened, and the gradual shift toward the violet of

the maximum of intensity in the calcium spectrum noticed

with increased temperatures renders such a strengthening

probable.

While it seems quite possible, and even probable, that

electricity plays some part in solar phenomena, the

evidence upon which to base any very positive statements

appears to be lacking.

Before passing on to the discussion of certain practical
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questions, important in connection with future investiga-

tions of the sun, let us sum up some of the conchisions to

which we have been led.

The facul* are the elevated regions of the photosphere.

They form an irregular reticulation over the entire surface

of the sun," and in the sunspot zones appear as irregular

bright regions of varying extent. The spectrum of the

faculiP is similar to the general spectrum of the sun, but is

somewhat brighter, and contains the doubly-reversed

calcium lines H and K. I The hot calcium vapour from

which these lines emanate may be diffused throughout the

mass of a facula, or confined to its upper surface. In the

latter case, the base of the chromosphere and the upper

surface of the facula would practically coincide. The
white-hot particles giving a continuous spectrum would
ordinarily be found only in the facula proper, and (more
sparsely scattered) in the lower region of the chromosphere.

Eruftive prominences are closely related to facuhe, and
probably rise from them. It thus occasionally happens that

a violent eruption carries some of the white-hot particles

to a considerable distance above the photosphere. In such

a case the prominence gives a continuous spectrum in

addition to its bright lines. While some faculiB are

covered by prominences, others do not appear to be so

covered. Certain exceptionally bright eruptive prominences
have been photographed in projection on the solar disc.

Ordinary prominences in the region of the sun's poles are

not shown in spectro-heliograms. Sunspots, even in their

central parts, seem to be covered by the chromosphere (or

by overhanging prominences). The chromosphere (or

prominences) is frequently so bright as to completely

hide small spots in spectro-heliograms.

As M. Deslaudres has discussed the instruments and
methods employed in my photographic investigations of
the sun, I may perhaps be allowed to express an opinion

as to the most advantageous manner of continuing these

researches.

The spectro-heliograph used in the greater part of my
photographic work has a pair of slits arranged to move in

the focal planes of the collimator and observing telescope

of a large diffraction spectroscope, attached to a 12-inch

equatorial refractor.,': It has proved itself a thoroughly
practical instrument, and from two to twenty or more
photographs of the forms of prominences and calcium
reversals have been made with it on every clear day (with

few exceptions) since -January, 1892. The photogravure
reproductions which accompany this article were made
from negatives secured by the aid of this apparatus.
Although they fail to bring out the more delicate details

shown on the original i}lates, the illustrations surely

demonstrate that the combination of a fixed spectroscope

with two moving slits is not without certain merits.

Neither my assistant, Mr. EUerman, nor myself have
experienced any diflQculty in using a second slit 0-005 inch
wide, and this width could be decreased were it considered
desirable. By increasing the width of the second slit, and
making a series of photographs of the K line at various

points on the solar disc with the slit stationary, the

character of the double reversals can be studied. This
method of successive sections, which I first employed in

1891, seems to me quite as convenient as that used by
M. Deslaudres. As the slits always move together, there

are no troublesome adjustments to be made by hand.

* At least during the maxiiiuiin period of simspots.

t The less refrangible hydi'ogen lines may also be preseiil, but
under ordinary conditions they are too faint to be recognized.

X This telescope will be removed to the Yerkes Observatory, where
the spectro-heliograph will be employed, as at present, in securing a
daily record of solar phenomena.

But after studying and e.^perimenting with a great

variety of instruments, I came to the conclusion early in

the year 1893 that a spectroscope with collimator and
observing telescope parallel (or nearly so) to each other,

and slits fixed in the axis of each, the whole instrument
being arranged to move on wheels at right angles to the
axis of the large telescope, would possess important
advantages over all other forms of spectro-heliograph.
An instrument of this type, suitable for use with a heliostat

for automatically photographing the sun, was described in

my paper entitled " The Spectro-heliograph " [Astnmomij
and Astro-Physk's, March, 1893, ]). 256). I have since

designed a spectro-heliograph on this principle for the
40-inch Yerkes telescope. A short description of this

instrument will be found in the January (1^94) number of

Antriinoini/ ami Astro- I'liyt^ics. The proposed " rotating

spectroscope," for which M. Deslaudres' various papers
have claimed many advantages has, I believe, been
recently abandoned for a spectro-heliograph of this class.

A similar instrument is to be used at the Maharajah
Takhtasingji Observatory at Poona, India.

The question raised by M. Deslaudres, in regard to

the best dispersion to employ, is a most interesting and
important one. On the one hand, a feeble dispersion would
seem to offer important advantages on account of the

narrowness of the K line and the greater brightness of

the image. On the other hand, it must not be forgotten

that the fainter details of the reversals may be lost if the

dispersion is insufficient. M. Deslaudres recognizes this

fact when he states that the exceedingly faint H and
K reversals in the general spectrum of the sun are best

obtained with a "spectroscope puissant" (Knowledge,
December, 1893, p. 231) ; and again, when he remarks that

for the study of the details of the reversals on the solar

disc " une grande dispersion est necessaire " (Uiiil, p. 232).

This advantage of high dispersion is due to the fact that

the width of the bright lines is not proportional to the

dispersion, at least up to a certain limit. If by doubling
the dispersion the lines were doubled in width, there would
evidently be no change in their brightness as compared
with the solar spectrum in which they lie. But, within
certain limits, the brightness of the lines relatively to the

solar spectrum increases with the dispersion. It is e\ident,

therefore, that we must not employ too feeble a dispersion.

I have found the fourth order spectrum of a Kowland
grating (14,438 lines to the inch) very suitable, though I

should have preferred prisms had circumstances permitted
their use. The separation of the H and K lines at the

focus of the observing telescope, where the photographic
plate is placed, is nine millimetres. M. Deslandres
uses a single prism, giving a separation of H and K
of two millimetres, and magnifies the image of the
second slit—and, consequently, the width of the K line

—

three diameters. The resulting separation of H and K
on his photographic plate would thus be six millimetres,

and the width of the K line two-thirds the width of the
K line in my instrument, if the line were supposed to have
a width proportional to the dispersion. As has already
been pointed out, the width of a line is not proportional
to the dispersion, and it is probable that there is no
great difference in the efi'ective width of the line in the

two instruments. Thus, any question in regard to dis-

placement due to motion in the line of sight, width of

the second slit, &c., would apply almost equally in both
cases ; but the greater dispersion of the grating would
increase the brightness of the K line as compared with
the solar spectrum, and fainter and more delicate calcium
reversals should be obtained by its means.

It would probably be advisable to have a set of three



22 KNOWLEDGE. [January 1, 1894.

prisms for a spectro-heliograpb, so that one, two, or three

might be used as occasion required. The method of forming
a magnified image of the second sht on the photographic
plate, which we owe to Dr. C. Braun, formerly Director of

the Haynald Observatory at Kaloesa, is in some respects a
valuable one. Its principal defect—the widening of the
K line and the second slit—can be avoided by enlarging
the solar image before it enters the spectro-heliograph.
In this case, however, it might not be possible to photo-
graph the whole image on a single plate.

The larger solar spectroscope which is to be used with
the Yerkes telescope will be specially arranged for the
study of the H and K reversals on the solar disc. Among
the attachments to be employed for this purpose will be a
pair of long slits, arranged to move in the focal planes of

the collimator and observing telescope. The method of

photographing the K reversal in successive sections of the
disc will thus be similar to that hitherto employed with
the Kenwood Observatory spectro-heliograph, but the
exposure will be made automatically by an electrical

device controlled by an astronomical clock. As I have
already remarked, the spectro-heliograph for the Yerkes
telescope will be arranged on another plan.

Berlin, December 15th, 1893.

THE FACE OF THE SKY FOR JANUARY.
By Herbert Sadler, F.K.A.S.

SPOTS and faculse continue to appear on the Sun's
disc whenever he is visible. Conveniently observ-
able minima of Algol occur at lOh. 40m. p.m. on
the 10th ; at 7h. 29m. p.m. on the 13th, and at
4h. 18m. P.M. on the 16th.

Mercury is a morning star for the first portion of the
month, but owing to his proximity to the Sun and great
southern declination he will be very difficult to observe.
On the 1st he rises at 7h. Dm. a.m., or Ih. Sm. before

the Sun, with a southern declination of i^3° 35', and an
apparent diameter of 5", /j/^yths of the disc being illuminated.

On the 7th he rises at 7h. 22m. a.m., or lom. before the
Sun, with a southern declination of 24'^ 11', i-%\,-ths of the
disc being illuminated. After this he is too near the Sun
to be observed, coming into superior conjunction on the
29th. While visible he passes from Ophiuchus into Sagit-
tarius, without approaching any bright star.

Venus is an evening star, a most brilliant object during
the first three weeks of January in the south-western sky.

She sets on the 1st at 8h. Om. p.m., 4h. after the Sun,
with a southern declination of 13;^°, and an apparent
diameter of 34i", -[%%ths of the disc being illuminated.
On the 11th she sets at 8h. 2m. p.m., 3h. 50m. after the
Sun, with a southern declination of iJ^'Sl', and an apparent
diameter of 40^", -,"o%ths of the disc being illuminated.
She is now at her greatest brilliancy, that being precisely
the same as on January 11th, 188G. On the 21st she sets

at 7h. 51m. p.m., or 3h. 30m. after the Sun, with a
southern declination of 6*^ 21', and an apparent diameter
of 47J", rVo^^s of the disc being illuminated. On the 31st
she sets at 7h. 19m. p.m., or 2h. 23m. after sunset, with a
southern declination of 4^ 12', and an apparent diameter of

S-^i". T^u'^s of the disc being illuminated. Her brightness
is now only Vote's of what it was on the Ilth. She
describes a looped jmth in Aquarius during the month,
being stationary on the 24th.

Neither Mars nor Uranus rise till after midnight in

January ; and as Saturn only rises on the 31st at llh. 2Gm.
P.M., we defer an ephemeris of him till next month.

Jupiter is an evening star, and, with the exception of

Venus, is the brightest object in the evening sky. He sets

on the 1st at 4h. 18m. a.m., with a northern declination

of 17° 17', and an apparent equatorial diameter of 45-0".

On the 12th he sets at 3h. 28m. a.m., with a northern
declination of 17° 15', and an apparent equatorial diameter
of 43^". On the 31st he sets at 2h. 16m. a.m., with a

northern declination of 17° 27', and an apparent equatorial

diameter of 40-9". He is almost stationary in a barren

region between the confines of Aries and Taurus during

the month. The following phenomena of the satellites

occur while the planet is more than 8° above and the Sun 8°

below the horizon :—On the 1st a transit ingress of the

first satellite at 5h. 24m. p.m., and of its shadow at

6h. 24m. p.m. ; a transit egress of the satellite at

7h. 36m. p.m., and of its shadow at 8h. 37m. p.m. On
the 2nd an eclipse reappearance of the first satellite

at 5h. 49m. 42s. p.m. On the 3rd a transit egress

of the shadow of the third satellite at 5h. 12m. p.m. On
the 7th an occultation disappearance of the second satellite

at Oh. 38m. a.m. ; a transit ingress of the first satellite at

Oh. 45m. A.M. ; an occultation disappearance of the third

satellite at Oh. 48m. a.m. ; a transit ingress of the shadow
of the first satellite at Ih. 51m. a.m. ; an occultation re-

appearance of the third satellite at 2h. 37m. p.m. ; an
occultation disappearance of the first satellite at lOh. Om.
P.M. On the 8th an eclipse reappearance of the first

satellite at Ih. 16m. 81s. a.m. ; a transit ingress of the

first satellite at 7h. 13m. p.m. ; a transit ingress of the

second satellite at 7h. 21m. p.m. ; a transit ingress of the

shadow of the first satellite at 8h. 19m. p.m., and a transit

egress of the satellite itself at 9h. 25m. p.m.; a transit ingress

of the shadow of the second satellite at 9h. 83m p.m.,

and a transit egress of the satellite itself at 9h. 42m. p.m. ; a

transit egress of the shadow of the first satellite at lOh. 32m.
p.m., and a transit egress of the shadow of the second

satellite at ] Ih. 54m. p.m. On the 9th an eclipse reappear-

ance of the first satellite at 7h. 45m. 31s. p.m. On the

10th an eclipse reappearance of the second satellite at

6h. 23m. Is. p.m. ; a transit ingress of the shadow of the third

satellite at 7h. 21m. p.m., and its egress at 9h. 14m. p.m.

On the 14th an occultation disappearance of the first

satellite at llh. 51m. p.m. On the 15th a transit ingress of the

first satellite at 9h.3m.p.m.; of the second satellite at 9h. 50m.
P.M. ; a transit ingress of the shadow of the first satellite at

lOh. 15m. P.M. ; a transit egress of the first satellite at

llh. 16m. P.M. On the 16th a transit egress of the second

satellite at Oh. 11m. a.m. ; a transit ingress of its shadow
one minute later ; a transit egress of the shadow of the

first satellite at Oh. 27m. a.m. ; an occultation disappear-

ance of the first satellite at 6h. 19m. p.m., and its eclipse

reappearance at 9h. 41m. 24s. p.m. On the 17th a transit

egress of the first satellite at 5h. 43m. p.m. ; a transit

ingress of the third satellite at 6h. 27m. p.m. ; an occulta-

tion reappearance of the second satellite at 6h. 88m.
p.m. ; an eclipse disappearance of the second satellite at

6h. 43m. 46s. p.m. ; a transit egress of the shadow of the first

satellite at 6h. 56m. p.m. ; a transit egress of the third

satellite at 8h. 21m. p.m. ; an eclipse reappearance of the

second satellite at 8h. 58m. 52s. p.m. ; a transit ingress of

the shadow of the third satellite at llh. 22m. p.m. On
the 18th a transit egress of the shadow of the third

satellite at Ih. 16m. a.m. On the 22nd an occultation

disappearance of the first satellite at Ih. 42m. a.m. ; a

transit ingress of the first satellite at lOh. 54m. p.m. On
the 23rd a transit ingress of the shadow of the first satellite

at Oh. 10m. a.m. ; a transit ingress of the second satellite

at Oh. 20m. a..m. ; a transit egress of the first satellite at

Ih. 7m. a.m. ; an occultation disappearance of the first

satellite at 8h. 11m. p.m., and its reappearance from
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eclipse at llh. 37m. 17s. p.m. On the 2-lth a transit

ingress of the shadow of the first sateUite at 6h. 39m. p.m.
;

an occultatiou disappearance of the second satelHte at

6h. -ISm. P.M. ; a transit egress of the first satelHte at

7h. S5m. P.M. ; of its shadow at 8h. 51m. p.m. ; an occul-

tation reappearance of the second satellite at 9h. 7m.

P.M. ; an eclipse disappearance of the second satellite at

9h. 19m. 81s. p.m. ; a transit ingress of the third satellite at

lOh. 18m. P.M. ; an eclipse reappearance of the second

satellite at llh. 34m. 49s. p.m. On the 25th a transit

egress of the third satellite at Oh. 10m. a.m. ; an eclipse

reappearance of the first satellite at 6h. 6m. 13s. p.m.

On the 26th a transit egress of the shadow of the second

satellite at 6h. 31m. p..m. On the 28th an eclipse reap-

pearance of the third satellite at 7h. 3m. 36s. p.m. On the

80th an occultation disappearance of the first satellite at

lOh. 4m. P.M. On the 31st a transit ingress of the first

satellite at 7h. 1.3m. p.m., and of its shadow at 8h. 34m. p.m.
;

an occultation disappearance of the second satellite at

9h. 16m. P.M. ; a transit egress of the first satellite at

9h. 28m. P.M., and of its shadow at lOh. 47m. p.m. ; an occul-

tation reappearance of the second satellite at llh. 89m. p.m.,

and its eclipse disappearance at llh. 55m. 21s. p.m.

Neptune is an evening star, and is well situated for

observation. He rises on the 1st at Ih. 56m. p.m., with a

northern declination of 20° 37', and an apparent diameter

of 2 7". On the 31st he rises at llh. 67m. a.m., with a

northern declination of 20° 34'. During the month he
pursues a short retrograde path in Taurus, through a

region barren of stars to the naked eye.

January is a favourable month for shooting stars, the

most noted shower being that of the Qucdnnitids, the

radiant point being in R..-V. 19h. 12m. and 53° north
decimation, the greatest display being visible during the

morning hours of -lauuary 1st to 3rd.

The Moon is new at 3h. 7m. a.m. on the 7th ; enters

her first quarter at Oh. 9m. a.m. on the 16th ; is full at

3h. 11m. P.M. on the 21st ; and enters her last quarter at

4h. 51m. P.M. on the 28th.

(S^tsn Colttmn.
By C. D. LooooK, B.A.Oxon.

CoMMTTNioATioNs for thls columii should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

Solution of Probhm N'o. 8.

Key-move—1. B to K8.
If 1. ... R to KR5, etc., 2. Q to Kt6ch.

1. . . . K toK4, 2. KtxPch
1. ... E to Q5, 2. B to Q7ch.
1. ... R to Ktr.ch, 2. QxBch.
1. ... E to KB5. 2. QxP, mate.

Dual after 1. . . . K to B5, by 2. Q to Kt3ch or 2.

Kt X Pch.
Also after 1. ... P to Q5, by 2. B to Q7ch or 2.

Kt to Q6.
(There is also a dual mate in this variation.)

It is rather singular that no solver sent in both the

above duals.

Solution of Problem Xo. 4.

Kfii-iiiove— 1. B to QKt6.
If 1. .

.'

. K toQ4, 2. Q toKB2.
1. . . . K toKt4, 2. Q to Q6.
1. ... K to Kt5, 2. Q to K5.
1. . . . K toB(i, 2. QxP.

If 1.

1.

1.

1.

1.

2. QxBPch.
2. Q to Kt5.

2. Q to K7ch.
2. Q to Kt5ch.

2. BxPch.

Solution of Problem No. 5.

Key-move—1. B to K3.
BxP,
K to K5,
K to K3,
P to B8,
Anything else,

Some of our correspondents note the coincidence that

these three problems, selected by ballot, are solved by
moves of the Bishop. Still more singular is the fact that

they were the first three problems sent in ; and, what is

more, sent in precisely in the order in which they were
printed.

Correct Solutions received from the following :

—

Ten Points.—Kt. .J., P. R. Adcock, Semper, A. C.

Challenger, H. Holmes, B. G. Laws, Chat, Guy.

Nine Points.—Birkenbaum, W. -T. Jubb, Rascal, Butter-

cup, J. H. Christie, W. T. Hurley, A Norseman, E. W.
Brooke, A. E.

Nos. 3 and 4 solved by Humilis (5) ; No. 3 by L.

Bourne (4) ; No. 4 by H. S. Brandreth, Alpha, and

W. A. Champion.

The leading scores will be published in tabulated form

nest month.

W. T. Hurley and H. Holmes.—The short mate takes

precedence of others, which therefore do not count as

duals.

Humilis.—Bird's Chess Histonj and lleminin-enees (Dean
and Son) contains some curious information on the

history of the game. There is no dual in No. 3 after

1. . . . RxKt. If 2, QKtGch, K to B6. 1. B to Q4
will not solve No. 4. Have you tried 1. . . K to K5 ?

W. J. Jubb.—Third-move duals do not count in the

score.

Piascal.—Is not your award of first prize rather pre-

mature '?

L. Bourne.—'No. 4. If 1. Q to QB2, P to Kt8 seems a

good defence.

No. 6. If 1. Kt(B6) to K7ch, K to K3
(best).

A Xorseman.—Solutions bearing post-mark of the 12th

are just in time. It would be impossible to give any
extension to suit particular cases.

Position No. 6.

" La Retraite."

Black (6).

White (13),

White mates in three moves.
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Position No. 7.

" Cave CoijUUiii."

Black (5).

Whitis (!S).

White mates in tliree moves.

Position No. 8.

Black (4).

White (8).

White mates in three moves.

The following is

Petersburg match :-

Queen's
White

(Dr. TiirraseU).

1. P to Q4
2. P to K3
3. B to Q3
4. Kt to KB3
5. P to QKtB
6. B to Kt2
7. PxP
8. Castles

!). gKt to Q2
10. P to B4
11. E to Bsq
12. E to Esq

P to Kt3
Kt to K5
B to Ktsq
PxB
Q to R5
QR to Qsq
Q to K2
PxP
Kt to B4
Kt to QG
R to Bsq

the twenty-first game of the St.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Opening.
Black

(M. Ts.-hi-oi-in).

1. P to Q4
2. Kt to KB8
3. P to K3
4. P to B4
5. Kt to B3
6. PxP
7. B to Q3
8. Castles

9. B to Q2
10. R to Bsq
11. B toB5
12. Kt to K2
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SEALING IN OPEN WATERS.
By Prof. John Milne, F.R.S., of the Imperial University,

Tokio, Japan.

NEW laws and new mechanical devices have often

much in common. Both may appeal to us on
account of their apparent adaptability to the

purpose for which they were designed, but
before any definite conclusion as to their merits

can be reached it is necessary to test them by the results

of their operation.

During 1893 England took part in a conference, one
object of which was to provide protection to the sealing

industry in the North Pacific, and, judging from the

comments of the press in England and America, the

finding of the arbitrators gave general satisfaction. The
award on the main point at issue, relating to the opening
or closing of the Behring Sea, was sound, and to all fair-

minded people the ditficulties of previous years seemed at

an end.

How far the regulations intended to protect the sealing

industry, which were formulated at the conference, have
been efi'ective may be judged of by a consideration of what
these regulations were, and of what has occurred since

their promulgation.

First, we find that sealing is entirely prohibited within a

radius of sixty miles of the Pribyloft's ; secondly, that nets,

fire-arms, or explosives are no longer to be used ; and
thirdly, that the Behring Sea is closed to hunters from
May 1st to the end of -July. Inasmuch as seals do not

enter the Behring Sea before May, during August and

September there are but few seals which venture far from

the rookeries, and even of those that do so, in consequence

of the fur being " stagey," from fighting and clambering

over the rocks, the skins are no longer in good condition,

and finally, as the only weapon left to the hunter appears

to be a spear, we may conclude that the regulations have

indirectly but practically closed one portion of the

Behring Sea to a large fleet of English and American

pelagic sealers. The protection of seals, therefore, rests

with those who take them on the islands.

Further than this, the regulations state that the close

season is to extend over an area north of B5" north

latitude, and eastward of 180° meridian of longitude, or

generally over the north-east portion of the Pacific Ocean.

As to how these regulations will be regarded by nation-

alities other than those represented by the contracting

parties we do not know, but the efi'ect they have had upon

those directly concerned has been to send to the Western

Pacific a fleet of between sixty and seventy vessels,

manned by at least fiiteen hundred men.

Should the prohibited area be increased and the regula-

tions become law, it does not seem unlikely that_ vessels

may sail under flags other than those of America and

England, while the difficulty of enforcing the new laws

over an extensive area like the North Pacific will entail a

considerable outlay. Already there are sealers flying

German, .Jfipanese and Hawaiian flags, an example of the

latter being the steam barque " Alexander,'" which, with

some six or eight other boats, is owned by a syndicate

largely, if not wholly, composed of persons interested in

the North American Commercial Company, to protect

whose rights in the Pribyloffs the existing regulations have

been so eflective.

If the object of the regulations is to prevent the exter-

mination of the fur seal the rules ought surely to be

extended over the whole of the North Pacific, the Okotsk

and -Japan Seas, and a definite understanding should be

arrived at as to the number which may be annually killed

on the known breeding ground.?. Such regulations would

afl'ect Americans, Russians, Japanese, pelagic hunters and

all who feel that they have a right to capture whatever

they find on open oceans and seas.

The American rookeries, as we have already shown, are

now well protected, and all that is required is to definitely

fix a limit to the number that may be slaughtered on shore.

During the last three years it has been seven thousand,

but in previous years it was one hundred thousand,

The Russian rookeries are guarded by an understanding

that himting shall not take place within thirty miles of any

place where seals haul up, or within ten miles of any

shore. How well this has been enforced may be judged

of from the fact that during 1893 no less than five British

vessels fell into Russian hands. The steam schooner
" Warlock '' had her papers, guns and ammunition seized

in the port of Petropaulovsky, whither she had gone pre-

sumably for some legitimate purpose. The " Maud S.," the

" Ainoko," the " Minnie," and the " Arctic " were arrested

off the Commander Islands, according to their captors

all within thirty miles of land. They were not found

hunting, nor does there appear to have been any attempt

at escape, believing themselves to be well outside the

prescribed limits. Inasmuch as these islands and the

neighbouring mainland— like very many other islands in

the North Pacific—are represented on charts as being ten

to fifteen miles out of their true position, and as foggy

weather often makes it impossible to obtain the necessary

observations for a true position, the investigation of

questions of this description is surrounded with con-
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siderable diflBculty. The eases in point, which are but
repetitions of old events, however, suggest the necessity of

providing against penalties for unintentional infringement,

and the desirability of having more accurate surveys.

A circumstance deserving of note in connection with

these islands is that the pelagic hunters, not finding

enough to pay expenses, quickly deserted them, from
which, however, it must not be inferred that there was
any diminution in the number of seals hauled up upon the

rookeries. One ^•isitor to the islands stated that he had
seen more seals in 1893 than he had ever seen previously,

and, but for the arrangement with the English not to

take more than thirty thousand, double that number
might have been secured. It was, however, added that,

in addition to the thirty thousand, there were thirty-two

thousand more pelts of seals which had been killed the

previous autumn.
Assuming the statement to be correct, this autumn

killing is apparently a new departure sufficing to confirm
the necessity of strictly limiting the number of animals
that may be taken on the land.

The attitude of Japan towards pelagic hunting is difficult

to understand. Km'opeans who left Japanese ports for

the purpose of hunting sea otters, in 1881, discovered small
rookeries of seals upon the Kurils. As these were left

unguarded, they were regularly visited until the seals were
exhausted. During this period the authorities in Japan
not only prevented their own people from engaging in the
newly-discovered industry, but so many obstacles were
thrown in the way of Europeans that a fleet of about
seventeen vessels, in 1803, had dwindled down to two or

three. At this juncture the effects of the Behring Sea
regulations drove the sixty or seventy vessels to which we
have referred to the Western Pacific. Had their number
been smaller, judging from the reception they received,

they might have shared the fate of the pioneer fleet which
had its birth in Yokohama.

Attempts were made to remove the Japanese who had
shipped on board these vessels in America. A man-of-war
was despatched to watch their movements, and newspapers
had references to pirates and poachers who ought to be
sunk or driven oG the coast. Although a certain section

of the Japanese showed displeasure at the advent of a

foreign fleet, it may be inferred that when later in the

season some forty vessels put into the harbour of Hakodate
to ship their catches, to obtain provisions, and to spend
their money, the storekeepers felt satisfied.

Up till recently the policy of Japan in these matters
seems to have been detrimental to itself. By not having
taken efficient means to protect its own rookeries, these have
disappeared. The Japanese, either on their own accoimt
or in conjunction with Europeans, have been debarred
from exploiting wealth near their own coasts, while sealers

from other coasts have not been encouraged to winter and
refit in Japanese waters, which, with sixty ships, means
an expenditure of at least half a million dollars. So far

as is publicly known, the only persons who can have
benefited are the owners of the northern rookeries, the
seals from which at the smallest computation annually
consume six million tons of fish in the waters near Japan.

Although the pelagic sealer may feel that in waters
where regulations have been applied his career is now-
ended, the fleet seems likely to be increased to one
hundred or one hundred and fifty sail, and we may conclude
that the result of the venture in 1893 ofl" the coast of Japan
proved satisfactory. The best catches were made in April
and May, when one vessel, hunting with seven boats, on
one day secured two hundred and sixty-eight seals. In
June, although the seals (which are then moving north-

wards) are plentiful, foggy weather reduces the number of

days when boats can venture far from the vessels. In

Jul}', excepting for those that choose to linger outside the

thirty mile limit of the northern islands, hunting is over.

The total catch for 1893 was from sixty to seventy

thousand. Forty thousand of these were shipped from
Japan : the remainder were taken to the American coast.

The casualties have been numerous, arising from
boats getting lost in the fogs, an unexpected breeze

preventing them from regaining their ship, from which
they may have ventured ten or fifteen miles, and from
other causes. Some crews left their ships and have not

since been seen ; others, after a pull of one hundred or one
hundred and fifty miles have reached Japau ; others have

been found in an exhausted condition on the northern

islands.

The pelagic hunter, who risks both life and capital,

cannot be said to make his money without enduring great

hardships and facing many dangers. Whether he should

be allowed to exist is a matter for discussion, but if the

decision is in his favour—and he represents a large capital,

a large force of men, and a considerable revenue—it is

clear that regulations to guide his movements should be
somewhat more lenient than those already promulgated
in connection with the Behring Sea.

SOME EXTINCT ARGENTINE MAMMALS.
By R. Lydekkek, B.A.Cantab.

IN
the article published La the last issue of Knowledge,
under the title of '" A Land of Skeletons," we
brought under the notice of our readers some of the

leading peculiarities of the living and extinct faunas

of South America in general and of Argentina in

particular, while something was said as to the geological

features of the latter country. From the limits of our
space we were, however, unable to make any mention of

the structural peculiarities of the fossil mammals which
are found so abundantly in the superficial formations of

the Argentine, and since it is impossible to have an
adequate idea of the interest attaching to this fauna

without some acquaintance with the anatomy of a certain

number of its representatives, we propose in the present

communication to take into consideration the leading

features of a few of the most remarkable tvpes of one great

group. As these animals are known solely by their bones,

it is, of course, impossible to avoid the introduction of a

certain amount of anatomical details, although we shall

endeavoin- to put these in as popular and least repellant

manner as possible.

As mentioned in the article referred to, among all the

fossil mammals of Argentina some of the most remarkable
are the extinct ungulates, or hoofed mammals, which,

exclusive of the horses, deer, guanacos, and elephants,

belong to groups almost unknown in any other part of the

world.' Before going further we must, however, remind
our readers that the existing ungulates are divided into

four groups or sub-orders, distinguished from one another
by the structure of their feet. Of these the elephants,

or proboscideans, as we have had occasion to mention
in an article on that group, are specially characterized

by having five toes to each foot, and by the two rows
of bones in the wrist and ankle being arranged one above
another in a linear manner ; while the huckle-bone, or

astragalus, of the ankle articulates with the leg-bone by
a flat surface. On the other hand, in both the odd-toed or

* During tlio Plpistocono a few sroiindsloths and glyptod nts

entered Xortli Ami'ric-i.
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perissodactyle ungulates, as represented by the rhinoceros

and horse, and the even-toed or artiodactyle group of the

order, of which we have famlHar examples in the pig and

the deer, the toes are never more than four in number,

the bones of the wrist and ankle interlock or alternate,

and the huckle-bone has a pulley-like surface for articula-

tion with the large bone of the leg. Whereas, however,

in the former of these two groups the middle toe is larger

than either of the others and symmetrical in itself, in the

second group it is the two toes corresponding to the second

and third of the human limb which are larger than the

others, while they are also symmetrical to a line drawn

between them. There is likewise a well-marked difference

between the huckle-bones of the two groups. The fourth

group, represented only by the various species of hyrax

—

the coney of Scripture—need not detain us here.

Turning to the proper subject of our article, we com-

mence our notice with one of the largest of the Argentine

mammals, which derives its name of ToxoiUm from the

middle one is symmetrical in itself, an observer might, at

first sight, be disposed to place the toxodon among the odd-

toed ungulates. A closer examination would, however, show
that while the middle toe is not markedly larger than

either of the others, the bones of the wrist are arranged on

the linear plan, while in the ankle the upper surface of the

huckle-bone is nearly flat, or intermediate between that of

the elephants and the odd-toed ungulates. Omitting

mention of certain other minor peculiarities in the

structure of the limbs, if we now turn our attention to the

teeth, we shall find that these also present features

unknown in any living ungulates. We find, for instance,

in the first place, that the upper jaw is furnished with two

pairs of permanently-growing chisel-like teeth, comparable

to the single pair of incisors in the rodents or gnawing
mammals ; these being opposed by three pairs of nearly

similar, although horizontally placed, lower teeth. Such
permanently growing incisor teeth are, however, paralleled

among existing ungulates in the hyrax ; but the toxodon

^f.^<rri£^^^

Rf

! to. 1.— M,,lclon ut the Toxoilon. About oiu'-iweiiui ii;itiir;u

peculiarly curved or bow-like form of its long molar teeth.

As shown by the accompanying figure of a skeleton pre-

served in the La Plata Museum, this gigantic animal,

which rivalled the large Indian rhinoceros in size, is

remarkable for the peculiar lowness of the fore-quarters,

in consequence of which the enormous head is carried

much below the line of the back." Since the creature has
much the general appearance of a rhinoceros, as shown
by its relatively short and stout neck and limbs, while

the number of toes to each limb is three, of which the

• This feature is, perhaps, somewhat exaggerated in the restoration.

stands alone in the order from the circumstance that the

molar teeth likewise grow throughout life, instead of

forming roots. Here, then, we have another point of

resemblance in the toxodon to the rodent order. When
we examine the form of the grinding surface of these

molar teeth, there does not appear any marked resem-

blance to those of any existing ungulates. The link is,

however, furnished by certain allied forms from the older

Tertiary beds of Patagonia, known by the name of Ncsodon,

of which the first fragmentary remains were brought to

Europe by Darwin, in the " Beagle "
;
the toxodon being

confined to the Pampean deposits and the underlying beds
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of Monte Hermoso. Now, in the nesodons, the structure

of the molar teeth clearl}' approximates to that character-

izing the odd-toeci ungulates, although belonging to what
naturalists term a more specialized type. It is further note-

worthy that in these nesodons, although the molar teeth

grow for a considerable portion of life, yet they eventually

form roots in the ordinary manner ; the same being true

of the incisors, with the exception of a single pair, which
grow permanently. We see, therefore, that the per-

manently growing teeth of the toxodon are a specialized

feature, which do not justify the reference of the creature

to a separate subordinal group, while the older genus
shows that these animals are clearly allied to the odd-toed

ungulates, although sharply distinguished by the structure

of their feet. Their feet being of a less specialized type

than those of the latter (as is especially shown by the

almost flat huckle-bone), while their teeth are more
specialized, it is further evident that neither group can be

ancestral to the other. Hence, the toxodon and its allies

must be regarded as forming a separate subordinal group

of equal value with the other sub-divisions of the great

ungulate order. Where theseremarkablecreaturesbranched
off from the primitive ancestral types of the latter, and
how they first obtained an entrance into South America,

where they gradually increased in size and specialization

till the period of the Pampean, when they finally dis-

appeared, is still an unsolved problem.
The interest of the toxodons does not, however, by any

means end here. We have seen that the toxodon itself

shows certain resemblances to rodents in the structure of

its teeth ; while it will be perfectly evident that such

resemblances indicate no genetic affinity between the two
groups, seeing it is certain that rodents are neither the

ancestors nor the descendants of the toxodons. In a

much smaller animal known as the typotherium, of which

the skull is shown in the accompanying figure (2), these

Fig. 2.—Skull of tlie Typothciv. Half nntiu'al size.

rodent resemblances are, however, still more pronounced,
as is especially shown by the incisor teeth, which are

essentially those of a rodent. Moreover, in the hind feet

the toes had lost the hoofs characterizing the more typical

ungulates, and were probably protected by small nails. A
still further step is exhibited by a much smaller Argentine
mammal, of the approximate size of a hare, and rejoicing

in the euphonious name of Paihi/nicus. If it were not
for the intermediate links, this creature would almost

certainly be put down as a rodent, with which group it

agrees in the structure of its teeth and toes, as well as in

many other parts of the skeleton. Nevertheless, it is

clearly a near ally of the typotherium, and therefore a
member of the toxodon group. Here, then, we have one of

the most remarkable known instances of the phenomenon
of parallelism—a feature to which especial attention has
been directed in previous articles. We have, in fact,

displayed before us the origin of what we may call a

rodent-ungulate ; that is to say, an animal which, while

certainly an ungulate by descent, has acquired such a

marked resemblance to a rodent that, if we had not the

intermediate links, it would certainly be regarded as a

member of the same order. This wonderful instance gives

us some insight into the intricacies of evolution , and serves

to show the amount of value to be attached to the majority

of phylogenies of the animal kingdom.
In addition to the slightly grooved huckle-bone, the

toxodon group is characterized by at least one of the upper
incisor teeth growing throughout life, and by the molar
teeth being either rootless or not forming roots till a very

late period. There is, however, a second group of allied

extinct ungulates peculiar to the Argentine, in which all

the molars are rooted at the usual period, while the huckle-

bone is as flat as in the elephants, although of somewhat
different form. This group is represented solely by two
genera, both of which are confined to the Patagonian
deposits, where they are represented by animals rivalling

rhinoceroses in size, and furnished with molar teeth some-
what resembling those of the latter. One of these creatures,

on which the somewhat cumbersome name of Homahidon-
tiitlu'rium has been conferred, presents the rare peculiarity

of having the teeth arranged in a regular even series without

gap or interval, and with their crowns of equal height.

Very different in dental characters were the members of the

allied genius,, i-v/^rt^/'it/fcciM/c, in which each jawwas furnished

with a huge pair of tusks, those of the lower jaw curving
outwards and upwards after the manner of those of a wild

boar, while both were kept sharp and keen by their points

wearing against one another. In the presence of these

euormoits upper tusks, the astrapotheres resembled the

extinct uintatheres of North America, alluded to in our
article on " Tusks "

; but they differed in the possession of

tusks in the lower jaw, while it is probable that those

of the upper jaw were incisors instead of canines. The
most curious feature connected with these animals is,

however, the close resemblance of their upper molar
teeth to those of rhinoceroses ; the similarity being

so marked that if we were acquainted with the South
American animal only by these teeth, it would probably be
classed with the rhinoceroses. From the structure of the

bones of the ankle it is, however, quite certain that these

two groups of ungulates have no direct connection with
one another, and that their common ancestor must have
had molars of a much simpler type of structure. It

follows, therefore, that the form of molar teeth charac-

teiizing both the astrapotheres and the rhinoceroses must
have been evolved independently in the two groups ; and
that we have consequently here another very interesting

case of parallelism. Although this type of tooth (which it

must be remembered is one of considerable complexity)

is admirably adapted for crushing vegetable substances, it

is by no means the only one which could have been evolved

from what we may probably regard as the primitive type
;

and it is, therefore, hard indeed to see how it can have
been produced by evolution unaccompanied by design.

Strange and unique as are the foregoing creatures, they

are exceeded in the former respect by the long-necked and
long-limbed animal rejoicing in the name of Mucniuclirni'i,
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so termed on account of the elongation of the vertebra' of

the neck, which were first brought back by Darwin from

the superficial deposits of Patagonia. In its general form

the macranchenia, of which a complete skeleton from the

Pampean formation preserved in the museum at Buenos

Ayres is represented in the accompanying figure (3),

the nostrils is carried to a still greater degree. That a

land mammal with its nostrils situated in this unusual

position could not have managed to exist without a trunk

is pretty evident, and we may therefore conclude that the

macrauchenia was so furnished ; while from its long

slender neck and limbs we may fiu-ther infer that it was

Fig. 3.—Skoietou of the Macraiiclicuia. About one-fifteenth natural size. (After Bravaril.)

somewhat recalls a camel ; and it is a curious circumstance

that in common with that animal and its allies it differs

from all other ungulates, with the exception of certain

kindred Ai-gentine forms, in that the vertebral artery of

the neck pierces the sides of the vertebrae to take a course

within the spinal canal, instead of passing merely through

a loop of bone on the exterior. This remarkable resem-

blance is not, however, indicative of any afliuity between
the two animals, since if we look at the feet of the

macrauchenia we shall find that they are of the odd-toed

type, and are each furnished with three digits. Moreover,

the huckle-bone has the pulley-like upper surface

characterizing the odd-toed migulates ; while as the

teeth approximate to those of the latter, we might be

inclined to place the creature in that group. The
wrist and ankle joints are, however, formed on the

linear plan, and exhibit certain other departures from
the odd-toed type, and it is therefore evident that the

macrauchenia and its allies constitute a third subordinal

group of exiinct ungulates peculiar to South America.

Although it is by its foot-structure that the macrauchenia
is thus separated from all other members of the order, its

most remarkable peculiarity is to be found in the structure

of its skull. In an ordinary well-regulated mammal the

aperture of the nose is situated quite at the anterior

extremity of the skull. In the macrauchenia, however,

the said aperture is an egg-shaped vacuity in the forehead,

placed almost between the eyes. Some approximation to

this remarkable arrangement is presented by the living

tapirs, but it is more nearly paralleled by the elephants, and
still more closely by the aquatic dugong, whUe among
whales the backwardation (if we may coin a word) of

an inhabitant of open plains or thin forest, and was not a

frequenter of marshes and swamps." It may be added that

in its uninterrupted and even series of teeth the macrau-

chenia differs from all existing mammals save man, and

agrees with its distant cousin the homalodontothere.

From its large size, the peculiar position of its nostrils,

and the characters of its molar teeth, the zoologist is at

once led to infer that the macrauchenia is a highly

specialized creature ; and it is of the greatest interest to

find that this inference is converted into a certainty by

the discovery of certain kindred forms in the older forma-

tions of the Parana and Patagonia, which are evidently

the ancestral types from which the Pampean genus has

originated. All these creatures were of relatively small

size, with their molar teeth more closely resembling those

of the odd-toed ungulates, and they show a gradual transi-

tion in regard to the position of the nostrils from the type

of the macrauchenia to the ordinary form. The evolution

of such an extraordinary creature as the one under con-

sideration is, therefore, fully explained, although we have

yet to learn the special reason for the peculiar position of

its nostrils and the development of a trunk.

More or less intimately allied to the ancestors of the

macrauchenia were certain contemporaneous ungulates

from Patagonia, of which the largest did not exceed a

tapir in size. With molar teeth so like those of the odd-

toed ungulates from the Paris basin, described by Cuvier

as Pahi'othimum, these Patagonian ungulates differed from

the macrauchenia in having the dental series reduced in

number and interrupted by gaps. Their most remarkable

pecuUarity is, however, to be found in the structure of

their feet, which, in some forms at least, resembled those
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of the extinct tliree-toed horses known as the hipparions
;

the middle toe being very large, while the two lateral ones

were small and functionless. There is, moreover, some
reason to believe that in one genus the toes were reduced

to a single large one on each foot, as in the modern horse.

Be this as it may, the fact that there existed in South
America a group of ungulates which exactly paralleled the

horses in the evolution and structure of their feet is one
of the most wonderful features in mammalian development

that has ever come under our notice, and serves to render

these prototheres (as the group is called) worthy of the

best attention of the student of parallelism. It may be

added that the high specialization of these animals is of

itself suiiicient to dispose of the idea that the strata in

which their remains are entombed are equivalent in age

to the lower Eocene of Europe.
This completes our survey of the groups of extinct

ungulates iseculiar to South America, which, brief as it is,

serves to show how interesting they are alike to the pure

anatomist and to the evolutionist, and also indicates their

importance from a distributional point of view. With
regard to the latter, it may be observed that since all these

animals are clearly more or less intimately related to the

ancestors of the odd-toed ungulates of the Old World and
North America, while the edentates of South America
have no near relatives elsewhere, and the extinct mar-
supials of the same area appear akin to those now living in

Australia, it would seem that at some remote epoch there

must have been a brief connection between North and
South America, during which one or more primitive

ungulates obtained entrance into the latter area, where
they subsequently multiplied and developed into the

numerous forms above noticed. If this be true, it will be
evident that South American ungulates were originally

immigrants from the north ; those which are absolutely

peculiar to the country having originated from an incursion

which took place early in the Tertiary period, while the

later types nearly akm to those of North America and the

Old World did not arrive till the late Pliocene epoch, when
a second connection must have been established between
the two continents.

WEIGHING THE EARTH.

By J. J. Stewart, B.A., B.Sc.

SINCE Newton's splendid verification of the theory of

universal gravitation, several attempts have been
made to determine the mass of our planet, and
hence- the mean density of the materials com-
posing it. Amongst the earliest of these which

approached accuracy was the experiment by Henry
Cavendish, the eminent philosopher, who anticipated

last century some of Faraday's remarkable electrical

discoveries. The method he employed was suggested by
the Rev. .John Michell, and is generally known as the

Cavendish experiment. ^Michell constructed an apparatus

suitable for the operation, but does not seem himself to

have made any experiments : and alterations and improve-

ments were made in the apparatus by Cavendish. The
main principle of the method is that of comparing the

attraction exerted by a leaden sphere on a small ball with
the attraction exerted by the earth on the same ball—that

is, with the weight of the latter. In the apparatus of

Michell and Cavendish the attraction between two spheres

of moderate size is balanced by the elasticity of a wire
;

the amount of torsion in the wire required to resist the

attraction of the spheres being found, this gives the force

of attraction which is equal to it. This force is then

compared with the attraction of the earth on one of the

spheres—that is, with the weight of the sphere ; and hence,

as the diameter and therefore the volume of the earth is

known, its mass is deduced.

Michell's original apparatus consisted of a wooden arm
six feet long, made so as to unite great strength with little

weight. This arm being suspended in a horizontal

position by a fine wire, from each end of it was himg a

leaden ball about two inches in diameter, and the whole
was enclosed in a wooden case to protect it from draughts

of air. The force required to turn the arm is no more
than that necessary to twist the suspending fibre, and as

this was very slender, even a very small force, such as that

produced by the attraction of a leaden weight a few inches

in diameter, is sufScient to produce a sensible displace-

ment of the arm. As the force with which the balls are

attracted is excessively minute, not more than one fifty-

millionth of their weight, a very small disturbing force is

sufficient to destroy the success of the experiment.

Cavendish found that the disturbing force most difficult to

guard against was that arising from variations of

temperature. Suppose that one side of the containing

case is warmer than the other, this will cause the air next
it to be rarefied, and it will consequently rise, while the

air on the cooler side will descend, and thus currents

will be produced which interfere with the deflections of

the instrument to be observed.

In the apparatus as modified by Cavendish the balls

were suspended by wires from a light arm made of deal

and strengthened by a silver wire, so as to have the form
of an open girder ; thus lightness and strength were com-
bined. The apparatus was placed in a room kept constantly

closed, and the motion of the arm was observed from the

outside by means of a telescope ; thus errors, which might
arise from the approach of the observer causing changes in

the temperature, were avoided. The leaden weights, which
were spheres a few inches in diameter, could be moved
from the outside by means of a cord passing over a pulley.

The weights were placed close to the balls, so that they
tended to twist the suspending fibre round in the same
direction and cause a movement of the arm. They were
then turned round and placed on the opposite sides of the

respective balls, so that they tended to move the arm
round in the opposite direction. Between these observa-

tions of the deflections produced, the line joining the

weights was set at right angles to the arm, so that they
exerted no attraction on the balls, or rather, equal and
opposite attractions which neutralized each other. The
position of the arm could be read off on ivory scales

graduated to one-twentieth of an inch, and read by a

vernier to one-hundredth of an inch, and estimated to

less. The scales were lit up by lamps placed outside

the chamber, and their light was thrown by a lens on
to the scales, the chamber being otherwise dark.

When the arm was drawn aside it vibrated backwards
and forwards, the vibrations lasting a long time ; thus the

position that would be occupied by the arm if it were at

rest had to be calculated. This was done by observing

three consecutive extreme positions of the arm, the first

and third being towards the same side and the second

one in the opposite direction. The intermediate observa-

tion was compared with the mean of the first and third ;

this gave the position the deflected arm would have
occupied if it had come to rest, damping of the vibrations

being allowed for.

Next, the time of vibration was measured ; from this

could be deduced the force acting on the suspended balls.

Possible error due to magnetic efi'ects was looked for, but
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the observations were free from this. The effect of the

leaden spheres on the arm was found to increase or

diminish with standing, and this was found to be due to a

difi'erence of temperature between the weights and the

case. In the first experiments made, the wire by which

the arm was suspended was thirty-nine and a quarter

inches long ; its material was copper coated with silver.

Its stiiiness was such as to make the arm perform a vibra-

tion in about fifteen minutes. In the first observations

the rods by which the leaden weights were suspended

were of iron, but care was taken that there was nothing

possessing magnetic properties in the arm. In later

experiments the iron rods were replaced by copper, but no

change in the observations was caused. Another series of

observations was also made, using a stiffer wire. The
force required to draw the arm aside, in opposition to the

force of restitution in the twisted fibre, was found by
observing the time of a vibration and calculating from

this.

The following may serve as an example of the observa-

tions made :

—

ilotion of the nrm on inovinu weights from
positive position to middle position... ... = 15'22

ilotiou of the ai'm on moviiifr weights from
middle position to positive position... ... =140

Time of one vibration when in middle position... = 14-m. 39s.

,, .. .. positive position... =14ni. .54-5.

The positive and negative positions were those in which
the leaden sphere tended to cause a twist in one direction

and in the other respectively. The middle position was

that in which the spheres were on the line bisecting the

middle of the arm.

The density of the earth was deduced from the observa-

tions by comparing the force of attraction of the leaden

weights on the balls suspended from the arm with the

force of attraction of the earth on the same balls—that is,

with their weight. The question is : What must the

mass of the earth be when it attracts a ball on its surface

—

that is, four thousand miles from its centre—with a force

greater in a known ratio than that with which the same
ball is attracted by a sphere of lead of known mass,

placed at a measured distance '? Knowing the law of

gravitation, that masses attract each other with a force

varying as the product of their masses, and inversely as

the square of the distance apart of their centres of gravity,

we at once find what the mass of the earth must be, and
this divided by the volume of the earth gives its mean
density.

The corrections which Cavendish had to apply to his

observations were :

—

1. For the effect which the resistance of the arm to

motion had on the time of vibration.

'2. For attraction of the weights on the arm itself.

3. For their attraction on the farther ball.

4. For the attraction of the copper rods on the balls

and arm.

5. For the attraction of the case on the balls and arm.

G. For the alteration of the attraction of the weights on
the balls according to the position of the arm, and the

effect which this had on the time of vibration.

The last correction was of the most importance ; the

others did not affect the result much.
Cavendish says :

— " By a mean of the experiments made
with the wire first ufed, the density of the earth comes
out 5'-18 times greater than that of water ; by a mean of

those made with the latter wire it comes out the same.
The extreme results did not differ from the mean by more
than one-fourteenth of the whole, and therefore the density

•should seem to be determined hereby to great exactness."

The value thus found differs but little from the latest

determinations made by simOar methods. Prof. Poynting's

result (which I will refer to later) obtained quite recently,

after great precautions were taken to secure accuracy, is

5-498. It is noteworthy that the guess made by Newton
in the century preceding Cavendish's experiment, for the

density of the earth, namely, five to six times the density

of water, is remarkably near that which seems to be the

value as determined by the best method.
The operation of weighing is so familiar to all that many

are apt to forget what is actually done when anything is

weighed. The method of weighing is adopted as a ready

and easy means of finding the mass of a body—that is, the

quantity of matter in it. This is done by comparing the

attraction of the earth on the body in question with its

attraction on another piece of matter whose mass is known.
When the masses in the two scale pans of a balance are

equal the mass of the earth attracts them equally, and
the beam of the balance stands horizontally ; the balance

is in equilibrium, and the substances in the two pans are

said to be of equal weight. But the attraction of the earth

on a mass near its surface depends on the distance of that

mass from the centre of the earth, so that a pound has

less weight at the top of a mountain than in the valley

below. The weights of bodies vary according to their

position on the earth's surface, and the same mass has a

greater weight at the poles than at the equator, because in

the former place it is nearer to the centre of the earth, and
the earth's attraction for bodies outside it is the same as if

the whole mass of the earth were concentrated at its

centre.

Again, at the equator the motion of the earth about its

axis tends to cause a body to fly away from the axis and
to decrease the weight of the body. Thus the weight of a

body, far from being a constant quantity, varies as the body
is moved from place to place. Nevertheless, the method
of weighing is an accurate way of determining the amount
of matter in a given body, because by this operation we
simply compare two attractions, and the forces of attraction

on the body and on the standard weights with which it is

compared vary equally as the balance is moved from one
position to another ; thus, although a body is lighter at

the equator, so also is the standard pound against which
we compare it.

The comparison of weights is simple and familiar

enough, but can we weigh the earth itself or find its mass?
What can we compare it with ? Here, again, what is to

be done is to compare two attractions. If we can find the

attraction of some mass—a part of the earth—on another
mass, and then compare this attraction with that of the

earth on the same mass—that is, with its weight—the

problem is solved.

Several methods have been suggested for doing this.

Perhaps the earliest attempt was that made by some
French geographers, who observed by what amount the
plumb line was deflected from the vertical owing to the
attraction of a neighbouring mountain. This experiment
was performed near Quito, in the Andes, but the observa-

tions were but rough and inaccurate ; the deflection

seemed to be quite noticeable, but the observations were
taken in a tent, and it would be impossible under such
conditions to guard properly against currents of air, which
would disturb the instrument.

Later, the suggestion that this method of the plumb
line should be used to find the earth's density, by taking

observations near some suitably shaped mountain in the
British Isles, was made to the Royal Society by Maskelyne,
the Astronomer -Pioyal of that time. Schehallien, a
mountain in the Scottish Highlands, was finally fixed

upon, and the operation carried out there, the re.sults
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being published in 1775. By trigonometrical measure-

ments the distance between two points, one north and

the other south of the mountain, was found, and from

this the difference of their geographical latitudes was got.

The true latitude of each point chosen was also determined

by astronomical observations. The diti'ereuce between

the true and geographical latitude of the two stations

depends on the amount by which the mountain deflects

by its attraction the plumb line which was used to

determine the vertical. This deflection was in an opposite

direction at the two stations, in one case towards the

north and in the other towards the south. The point

south of the mountain had its latitude made less than the

geographical latitude, because it was in the northern hemi-

sphere ; the point on the north side had its latitude made
greater. Thus, if the mountain had been symmetrical in

shape (and it was chosen because it approached to

symmetry) the difference of the astronomically found

latitudes would have been greater than the diii'erence of

their geographical latitudes by double the deviation pro-

duced on the plumb line by the mountain's attraction.

By laborious measurements the form of the mountain
was next observed. As nearly as possible, its geological

composition and the specific gravity of its material were
determined, and then the attraction of this quantity of

matter of approximately known distribution and density

was compared with the attraction of the earth, which
exceeds the former in a known ratio. Maskelyne's result

for the density of the earth was 1-48—four and a half times

denser than water ; but it is pretty certain from later and
better measurements that this value is considerably too low.

The great defect of this method is the uncertainty which
must occur as to the internal composition and structure

of the mountain itself and the surrounding country.

Cavities might be present m the hill, or places where the

matter was much lighter or much heavier than the

specimens taken from the surface ; and all such unknown
sources of error militate against an accurate determination.

The same method has been employed by James, at the hill

called Arthm-'s Seat, near Edinburgh.

Another and different method of finding the earth's

mean density is that used by Airy. This consists in

comparing the time of vibration of a pendulum at the top

and at the bottom of a deep mine. The time of swing of

a pendulum depends on the attraction of the earth upon it.

At the bottom of a mine the outside layers of the earth

consisting of the mass contained in the outer skin, whose
thickness is the depth of the mine, cease to exert an
attraction on masses within— the attractions of separate

portions of this outer shell at opposite sides of the earth

mutually destroy each other. The attraction, then, on a

pendulum at a depth within the earth's surface consists of

that produced by the inner core, and at the bottom of the

mine we have come nearer to the core, but its volume and
mass is decreased as the cube of the radius, so that its

attraction is less than at the surface. On the other hand,

the attraction above ground consists of that due to the

core as well as that exerted by the shell. The observed

times of vibration of the pendulums give a means of

determining the amount of these two attractions—that of

the core and shell respectively.

The volume of the outer shell is known, for it follows at

once from the known depth of the pit, and it has to be

assumed that the mass and density of the shell can be

determined from observations on the geological strata

passed through during the descent. Here comes in the

weak point of this method ; the true mass of the outer

skin must remain uncertain.

Airy first attempted to apply this method at a mine in

Cornwall, but met with various mishaps through accidents

to his apparatus, and it was not till after more than twenty

years from these first experiments that he, with the help

of numerous assistants, carried to a successful conclusion

his experiments, at the Harton coal pit, in the north of

England. Pendulums were made to vibrate at the upper
and lower stations. These were connected and compared
electrically, and thus the intensity of gravity at the top

and bottom of the mine was determined, and hence the

earth's density.

The result of this experiment comes out considerably

higher than that by other methods, viz., G'56 for the

density of the globe, and we cannot have the same con-

fidence in this determination as in that of the results of

the Cavendish experiment, which do not differ much
amongst themselves. All that Airy claimed for his

method was that it was worthy of comparison with the

previous observations, and deserved to stand on an equal

footing with them.
{To be continued.)

THE COFFIN OF THE BUILDER OF THE THIRD
PYRAMID.

By J. H. MtTcHiNER, F.R.A.S.

IN
the December number of Knowledge an interesting

article appeared under the above title, in which
Mr. Read calls the attention of English readers to

an article written by HeiT Kurt Sethe, published as

far back as 1892 in the Ziitschrift fur Ai/t/ptisrhe

Sp)-i(c/ie of Leipzig. Herr Sethe contends, on presumed
philological grounds, ^lat the coffin lid of

Men-Kau-Eii, of the fourth dynasty, b.c. I O
3633, is not the original lid, but a later —

,1 1 1 1111 . ULJera ^

coffin lid substituted for the original, and that it probably

dates from about the time of Tirhakah, b.c. 700. No
arguments are offered in support of this extraordinary

conclusion, beyond a general statement that the writing on
the lid is ideographic in character. Moreover, it is

asserted that the early texts are very deficient in these

ideographic signs, and that the name of Osiris written

with the ideographic prefix, as on the lid of this coffin,

cannot be found so written till the middle of the fifth

dynasty.

Philological study of all ancient languages reveals that

among primitive peoples, however much divided by racial

or climatic conditions, the representation of ideas invariably

follows one common course of development. First, objects

are depicted, then sounds are depicted, and ultimately an
alphabetical system is evolved. Applying this law to the

hieroglyphical writing of the Egyptians, in order to gauge
the value of the argument of Herr Sethe, we are met by an
initial difficulty. At what date in the distant past are we
to ascribe to the Egyptians a system of pure picture-writing '?

of writing such as the primitive symbols of the Mexicans ?

Our knowledge of Egyptian history commences with

^ ^ ]\lena, B.C. 4100. Only very recently has
/ ^miiijj n

I
it been discovered how it is that Egyptian
tradition observes a complete silence as to

history prior to this date. Mena was the Thinite Pharaoh
who succeeded in restoring a native dynasty after the

conquest of Egypt by the old Babylonian empire ; and,

it may be, the infinite pains taken by the Egyptians at a

later date to destroy all evidence of the long and hated

Hyksos interregnum was but a traditional repetition of

similar efforts on the restoration under Mena, after the

Babylonian conquest. We have no means of knowing the

duration of that conquest, nor the names and number
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of the native kiugs" who reigned in Egypt anterior to

it. We are compelled to commence with Mena. Yet

at the period of this monarch, b.c. 4400 j'ears, we
tiud the Egyptians in possession of a perfectly developed

system of writing, made up of alphabetical and phonetic

characters, with a number of their ancient ideographs

retained as determina-

tives. The Assyrian,

Median, and Babylonian

cuneiform writings also

display slow develop-

ment from old forms of

picture-writing, obtained

by very tardy degrees, ex-

tending over many cen-

turies, and hke the Egyp-
tians, retaining as deter-

minatives many of their

ancient ideographs.
China, after the lapse of

three thousand years, has

not yet emerged from its

system of ideographs.

In the absence of records

of Egyptian civilization

pointing to a picture-

writing age, we cannot

find the base on which
Herr Sethe erects his

theory. Egyptian history,

unlike the history of

Greece, furnishes no
archaic period of art and
literature. Go back as far

as we may, we fail to

reach the cradle of its

civilization. Its art sup-

plies no Brunchida statues,

such as Greece furnishes,

telling of the rude artistic

efforts of the race prior to

Myron and Phidias. A
retrospect of five thousand
years does not help us.

The statues of Sepa and
Nesa* betray an art with

aims and instincts well

developed ; and they date

from B.C. 3900 ! The close

of the third dynasty pro-

duced the masterpieces

of ancient art. Those
two famous statues of

Ra-hotep and his wife

Nefert (the beauty), exhibited

Translation

of the

lift liand ciilnmn.

Nut

She grants

that thou

shalt be

a god ;

never more

shalt

thou have

enemies,

King of the

North and South,

Menkaura,

living for ever.

Translation

,f the

riyJit Jiantl ro/innn.

We cannot reach, therefore, by history, tradition, or

monumental remains, to the distant archaic age of

Egyptian pure picture-writing. Of the four thousand

years during which we are able to study the Egj-ptian

records, we find that literature, like art, was constantly

fluctuating ; its eras of decadence being followed by
intervals of revival. At

some periods the scribes

attempted to discard the

use of ideographs, yet

there appears to have
been a constant, almost
persistent, tendency to

revert to the principles

of the old system. We
must remember, also,

the latitude allowed the

scribes, who followed no
normal rule in writing,

but often substituted one
phonetic hieroglyph for

another in cases where
they had the same soimd.

Moreover, they omitted

or inserted ideographs at

times, in an apparently

arbitrary manner, and
for the sake of harmony
of appearance substituted

vertical for horizontal

Osiris,

King of the North
and South,

Menl<aura,

living for ever :

born of Heaven,

conceived by i'o™s, as ---- s fi "they

Nut;

thou comest

of the race

of the

god

Seb.

Lid of Coll

under glass in the

museum at Boulak, are, with good reason, attributed by

M. Marriette to the reign of f
P J ^^ _p 1 Seneferu,

B.C. 870G ! The extreme beauty of the sculptures surpasses

all subsequent work, and their interest is increased by the

certainty of their great age. As in art, so is it in literature.

" We can hardly hesitate to assume," says Bunsen,
I

"whatever preconceived ideas it may disturb—that this

genuine Egyptian writing, combining phonetic with

figurative signs, is, in its essential elements, «f le(('<t as old

as the time of Menes."

* "Hiflorv of Art in Aiu'ient Egv]>t.'"-

+ ' Ek,v|iI's PImi'c in Universal Historv.

-PciTot and Chijiioz.

vol. T.. pagi' S.

or
1

1

, as it suited the
I I I I .

stone to be inscribed.
I

Having regard to these

facts, the attempt to erect

an important hypothesis

on the bare retention or

omission of ideographs in

a solitary inscription, or

even from a host of in-

scriptions of any parti-

cular period of Egyptian
history, seems to be rash

to the last degree. There
is abundant evidence to

show that in the reten-

tion or omission of ideo-

graphs, throughout an
extensive country and
during a number of cen-

turies, the writing con-

stantly underwent changes

and modifications. Whenever the object itself was the

ideograph, they almost invariably at one period omitted

the ideograph altogether, as in S
(J

=^^- '•">'> o^'ei' an

ape, and in
[] Q «h, over a cow. Moreover, hieroglyphical

writing, especially in the case of temple inscriptions,

unquestionably contained an rsoteric as well as an exoteric

meaning. By the use of ideographs the meaning packed

as closely as the Latin. Hence it was retained for those

inscriptions to a very late date. Plutarch mentions the

inscription over the temple of Sais, comprising an old

man, a youth, a hawk, a fish, and a hippopotamus,

all, whether

Thy mother

of Menkaura, B.C. .363.'!.

-t^n <e^ meanmg

Williinson's -'Egxp'-
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old or young, know that the gods hate impudence."
This inscription is ideographic throughout.*

That the ideographic picture-writing method preceded

the phonetic and alphabetical is abundantly clear, and,

in the absence of all knowledge of the archaic period of

Egyptian writing, any hypothesis built simply upon the

presence or absence of an ideograph in a well-developed

system of writing, and made the basis for fixing a definite

date, and this without a shadow of other supporting

evidence, is scarcely adapted to receive serious notice at

the hands of our best Egyptologists.

It is doubtful if the entire number of inscriptions existing

in the museums of the world, of jjeriods anterior to the

fourth dynasty, are sufficient to supply a satisfactory

conclusion on the use or omission of determinatives in

early writing. Bunsen writesf—" We may confidently

state that tlae principle of determinatives was in full

activity at the commenceinent of the chronologioed epoch."

According to Herr Sethe, they do not occur in general use

until the twenty-sixth dynasty, and, because the word
" Osiris " on the coffin-lid of Menkaura is written with the

determinative, he, on this ground, assumes the manufacture
of another coffin two thousand years afterwards.

The hieroglyphic writing subseqirent to the fourth

dynasty, and dating from that period to the twenty-sixth

dynasty, when submitted to a perfunctory examination,

might lend an appearance of force to the contention.

But the conclusion vanishes on attentive comparison. In

the majority of pyramid texts, pubhshed by M. Maspero,J
the peccant determinative in the name of Osiris is more
frequently absent than otherwise, but closer study of other

monumental inscriptions forbids any inference to be

drawn, such as enunciated by Herr Sethe. In the long

era extending from the fourth to the twenty-sixth dynasties,

the word " Osiris " is found written both with and without

the determinative. Appended are a few examples :

—

Twelfth dynasty.—Liverpool Museum. Inscription on
sepulchral monument. Osiris written without determina-

tive.

Twelfth dynasty.—Inscription on tomb of the reign of

Amenhat III. Osiris written icitli the determinative.

Thirteenth dynasty.—Inscription on leaf-shaped dish of

green basalt. Osiris written witlioiit the determinative.

Thirteenth dynasty.-—Fragment of dark wood, carved

with the inscription " Eoyal oblation to Osiris, dwelling

in Amenti." Osiris written with determinative.

Eighteenth dynasty.—Inscription on stela in museum
of Marseilles. Osiris written nitli determinative.

Nineteenth dynasty.—Monumental inscription to Piaai.

Osiris written without determinative.

Nineteenth dynasty. — Monumental inscription to

Painchsi, scribe of the treasury under Kameses II. Osiris

written irith determinative.

Nineteenth dynasty. — Monumental inscription to

Pamerau, a royal scribe. Osiris written with determinative.

Twentieth dynasty.—Inscription on stela in museum of

Marseilles. Osiris written nith determinative.

These examples should prove fatal to any theory of a

definite law observed in writing by the scribes.

The Aztec picture-writers, who came down to the ships

of Cortez, could depict all they .«.«"', but could not represent

the sounds which they heard. At the time of Mena, b.c.

4400, the Egyptians could do both, and their writing tlien

marked a distant transition period, combining the systems

alphabetical and phonetic, with ideographs as determina-

* Wilkinson's " Egypt."

t ""Egyiit's riaco in Universal History," vdI. I.

X ''Rccciiil >"e Travaux." jiiir ^[. ^ra^iuTo.

tives, and these latter, with variants, were retained ever

after. We may, I think, relegate the hypothesis of Herr
Sethe to the same category as the non-historical existence

of Solomon, who, on philological grounds, received his

(jidetun at the hands of some critics, because Sol-om-on
is found to comprise the name of the sun in three

languages, forgetting that any name associated with the

great solar myth, so dear to many ancient peoples, would
naturally be treasured and handed down to posterity

centuries after its original meaning had been lost, and its

application passed into other forms.

In conclusion, it should be shown that it was the practice

of the Egyptians to substitute new coffins at periods as

required. Moreover, should they in any solitary instance

be proved to have done so, it is inconceivable, with their

intense veneration for the past, that the slightest alteration,

even in form, should have been permitted in the re-

production.

On a glass shelf, immediately over the coffin ofAmamu,
are the remains of the mummy found by Colonel Vyse in

the third pyramid, lying by the coffin-lid of Menkaura.
That the fragments are portions of the body of Menkaura
there can be little doubt. The integrity of these remains
is in no way called in question by the contention of Herr
Sethe. The leg bone of the mummy reveals a badly

anchylosed knee, and, as tradition asserts that Menkaura
was a lame man, this, in itself, is indirect evidence in

their favour, apart from the fact of their discovery in the

heart of the pyramid erected by that Pharaoh.

ON THE PROBABLE ENCOUNTER OF
BROOKS' COMET WITH A DISTURBING

MEDIUM ON OCTOBER 21, 1893.

By Prof. E. E. Baknard, of the Lick Ohservatonj.

THE photographs of Swift's comet made here in

April, 1802 (see Knowledge for December, 1892),

showed us what wonderful changes comets can

pass through in a comparatively short time.

Looking at these pictures, made on successive

dates, it would be hard to convince anyone not familiar with

the facts that they represent the same object at intervals

of twenty-four hours. These enormous and remarkable

changes, though they astonish us with their magnitude

and rapidity, are nevertheless suggestive only of actual

change in the comet itself, due to physical disturbances,

the cause of which we do not yet know.

In examining these pictures, one looks to the comet

alone for an explanation of the phenomena. There is no

suggestion that any outside agency has had a hand in it,

excepting, of course, the sun itself.

Another comet, however, has presented itself, of

which an excellent series of pictures has been taken with

the same lens used to take the photographs of Swift's comet

over a year ago. This comet has passed through a series of

changes that force one to adopt some other explanation to

account for them than the physical peculiarity of the comet

itself ; and looking at the pictures of it, I cannot avoid the

belief that the comet had nothing to do with the remark-

able condition its tail got into, unless, indeed, it was to

supply the tail to be interfered with by some outside and

invisible influence.

The small comet discovered by Mr. Brooks, on

October 16th of this year, was to all appearance, as

examined with the telescope, a rather ordinary comet

;

a little below naked-eye visibility, and possessed of a tail

that at best could only be traced for a couple of degrees

with the aid of the telescope.
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The comet was observed here with the twelve-ineh

refractor, on the morning following its announcement.
Nothing seen during the measures of its position suggested

that any phenomena of an extraordinary character would
be recorded on the photographic plate ; but the comet
could only be examined for a few minutes before dawn
would stop an exposure. It was, however, decided to try

a plate the next morning, to see what might result from a

short exposure. The time of dawn did not permit of more
than half-an-hour, but the photograph was satisfactory

and interesting, though it showed nothing of special

interest about the comet, except that the tail was longer

than had been expected from the eye view of it obtained

with the twelve-inch refractor. The photogra-phic plate

also showed two small short "whisker" tails springing

from the head of the comet, on each side the main tail

(which itself was split along its axis into two strands).

The mornmg of the 20th proved cloudy, but on the 21st

another exposure was made to see if any change was
taking place. No special change was noted, however,
except that all the features were more strongly marked.
The main tail, as before, was essentially straight.

The next morning the twelve-inch showed that some
disturbance had taken place, for the tail near the head
was distorted. An exposure was at once begun with the

Willard lens. The resulting photograph was indeed

remarkable (see the picture for October 21st). The tail

now presented the aspect of a torch streaming in the wind.

The appearance was precisely what we should expect had
the comet's tail, in its flight through space, swept across or

through some medium dense enough to break up the tail.

I cannot see how anyone comparing this with the picture

of the 20th, can escape the conclusion that the tail did

actually enter a disturbing medium which shattered it.

This theory is, I think, further upheld by the third of these

pictures, taken the following morning (see October 22nd),

where the tail hangs in cloudy masses like the broken

snioke train from a locomotive. In this last picture a

large fragment is actually torn off and completely

separated from the end of the tail. In the second photo-

graph (see the picture for October 21st) the entire comet was
brighter, as if the disturbance had added to its light, as

also seems to have been the case with the third photograph

on October 22nd, for its exposure was much shorter, as

flying clouds were obscuring the sky a considerable

portion of the time.

Unfortunately, cloudy weather and moonlight did not

permit another exposure until November 2ud, when the

comet's tail seemed nearly to have recovered its normal
condition, except at its end, where a fragment stuck out

almost at right angles, and on November 3rd it was to all

appearances again straight ; and thenceforward, though
considerable changes of a physical nature were taking

place, the comet did not again repeat the phenomenon of

October 21st and 22nd.

In all, up to November 19th, I have secured sixteen

photographs of the comet on fifteen different dates.

On November 15th two exposures were given of ninety

minutes each, in hopes of showing some rapid changes,

but the comet was then in a quiescent state, and the two

pictures are very much alike. Some of the exposures in

the middle of November have been upwards of three hours

long.

Description of the Remainder of the Photographs.

I will give here a very brief survey of the different

plates, following those already described, and which it is

not possible to reproduce here.

On November 2nd ths tail is about 4' long. It is

irregular and somewhat curved. The end is abruptly

turned through an angle of nearly 90°—a denser portion,

about a degree long, projects abruptly from it towards the

west.

On November 3rd the tail is almost straight and some-
what broader. The projecting mass is not shown—unless

in an unrecognizably altered form.

On November 6th for 2"^ the tail is straight ; for 2° more
it is irregular and wavy ;

6' from the head is a mass,
one degree long, entirely independent of the tail.

On November 7th the tail is nearly straight, but some-
what irregular. It is 0^ long. The detached mass is not
certainly seen.

On November iOth the tail is 6° long. Very slender

close to the head, then widens out in three distinct fans,

the middle one being the main tail. A denser portion at

the end almost detached.

On November 11th the tail is straight but irregular, and
in several strands. A denser mass at the extremity.

This plate shows a meteor trail parallel with the comet's

tail and -1° south of it.

On November 12th the tail is straight but slightly

irregular. A detached mass 2^^ from the end of the tail

and south, and 8° from the head.

On November 13th the tail is short and brushy, with a

faint straggling extension to Alpha Canes Venatici. This
star is irregularly involved in a condensed mass of the

cometary matter. A splendid meteor trail crosses this

plate nearly parallel with the comet's tail, and 3'^ north.

This trail is sharp and straight and very dense. It widens
out as it left the plate, the meteor bursting in the sky a

few degrees after leaving the plate.

On November 14th the tail is somewhat curved and
irregular. There are two meteor trails on this plate—one
a large one cut across near the edge of the plate ; the

other is near Alpha Canes Venatici.

On November 15th the tail can be traced 10°. It

is straight. There is possibly a denser mass at the end
of the tail. The two negatives made on this date are

essentially duplicates.

On November 19th the tail is straight ; a thin or weak
place occurs in it, nearly isolating the end.

Cloudy weather since this last date.

In nearly every one of these photographs there are small
"whiskers"—I cannot better describe them—slender

thread-like tails—that spring out on each side of the head,

and which extend generally from ^° to ^° from the

head, and are inclined at a considerable angle to the tail.

November 27th, 1893.

IRREGULARITIES IN THE TAILS OF COMETS.
By A. C. RiNYARD.

THE beautiful photographs of Brooks' comet, of

which Prof. Barnard has kindly sent enlarged
copies for reproduction in Knowledge, exhibit

most striking irregularities of structure, which are
well worthy of close study, for the observation of

deviations from assumed general laws has frequently led

to fresh discoveries.

As a general rule, in large comets the tail streams from
the nucleus in a direction away from the sun, as if the

matter of the tail was repelled by the nucleus and was
also repelled by the sun ; and when the tail is curved it

falls behind the nalius vector, or line joining the sun and
the cometary nucleus, so that the curvature of the tail is

concave towards the part of space which has been traversed

by the comet, as if the particles of the tail retained their

original orbital motion, but being driven into a larger

orbit fell behind t he radius vector.
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But in Prof. Barnard's photogi'aph of Brooks' comet,
taken on the 21st of October, the general curvature of the

tail is for some distance from the nucleus concave towards
the part of space to which the comet was moving, while

the fainter and more distant parts of the tail exhibit a

general curvature which is concave towards the region

from which the comet was moving.
If the reader will carefully compare the stars shown

upon the photographs taken upon the 21st and 22nd of

Sketch bv ilr. .1 ( nx Brett ol Comet (I.) is.si,

171i. Groenwii'li nicau time.

made 22nd Oetober

October, he wiU see that in the twenty-four hours which
elapsed between the exposure of the two photographs the
nucleus of the comet had moved in a northerly or north
by east direction through a distance which corresponds to
about seven-eighths of an inch on the scale of our plate.
The two small stars which are shown on the photograph
of the 22nd of October (the one to the east and the other
to the west, at a distance of about one-eighth of an inch
from the centre of the nucleus) will be foimd ou the
photograph of the 21st of October at a distance of about
seven-eighths of an inch from the nucleus in a direction
nearly coinciding with the line joining the nucleus with
the upper left-hand corner of the plate.

If the matter of the comet's tail was deflected
in its course from the nucleus by an encounter
with a resisting medium which was stationary in

space we should expect to find evidence of resist-

ance in a direction contrary to the direction of
the comet's apparent motion ; but though the
advancing side of the tail is notched and sharjily

defined in the lower half of the tail, the opposite
or following side is most sharply defined in the
upper and fainter parts of the tail, and the
following side of the tail is more sharply defined
than the precedmg side in the photograph taken
on the 22nd of October.

As in the photographs of Swift's comet, published in the
December number of Knowledge for 1892, there is striking
evidence in these photographs of Bi-ooks' comet that the
matter of the tail was not driven away in a uniform
stream from the nucleus. Prof. Barnard has noticed the
detached cloud completely separated from the end of the
tail on the 22nd of October, and the rest of the tail in the

photograph taken on the 22nd of October is broken into

fragments, indicating short spasmodic outbursts, during

which matter must have been driven away in considerable

quantities from the nucleus, followed by quieter intervals.

That these outbursts were of comparatively short duration

is, I think, proved by the slight curvature of the tail,

which indicates that the motion of the nucleus was not

considerable during the time occupied by the passage of

matter from the nucleus to the end of the tail. On the

other hand, the velocity of the matter of the tail

^ away from -the nucleus does not seem to have
'\ lieen sufficiently great to disturb the definition of

the notches on the edge of the tail in the thirty-

live minutes during which the, photograph was
exposed, on the 21st of October.

Such rapid changes in the amoimt of matter
driven away from the nucleus would seem to point

to an irregular evolution of energy, such as might
be caused by the passage of the nucleus through
an irregularly distributed resisting medium, or

through swarms of meteors, rather than to the

evaporation of matter due to a steady increase of

heat on approaching the sun.

The notches and irregularities in the edge of

the tail, as well as the branching structures in

the photograph of the 21st of October, seem to

me to point to outrushes of matter from the

nucleus through a resisting medium, in different

directions, which outrushing matter has afterwards

been driven away from the sun, rather than to

a disturbance of the regular form of cometary
tail due to an encounter of the matter in the tail

with a resisting medium at a distance from the

nucleus.

The general form of comets' taOs, and the way in

which they develop in size as comets approach the
Sim, and diminish again as they recede fi'om their perihelion

position, points to the conclusion that the development of

cometary tails is chiefly due to the action of the sun's heat

;

but the irregularities of form we are discussing point to more
sudden changes, causing an irregular development of heat
in portions of the nucleus, which gives rise to radial out-

rushes of gaseous matter in various directions. Such
irregularities in the evolution of gas from the nucleus
might be caused by collisions or internal disturbances in a

loosely-piled group of stones, or cluster of meteors, ou
approaching perihelion ; or it might be due to the rapid

passage of external groups of meteors, or clouds of

i

Comet (J) 1882, from a photograpli taken

Observatory. (Undated.)

llo.

meteoric dust, into a loosely-packed gaseous envelope
surrounding the cometary nucleus.

Though the earth does not encounter groups of meteors
sufficiently dense to materially raise the temperature of

large regions of its upper atmosphere, it does not necessarily

follow that denser groups of meteoric stones may not exist

in other parts of the solar system, and it must be admitted
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that the velocity of comets near to their periheHon dis-

tance is frequently large compared with the velocity of

the earth in its orbit, and that the head or nucleus of

comparatively small comets frequently greatly exceeds the

earth in size, and would consequently sweep through a

larger area.

But it seems more probable that the evolution of gas

from a mass of- stones, held together by the feeble action

of their mutual gravity, may, as the mass is slowly heated,

be sufficiently energetic to displace the stones, and thus

bring fresh material to the surface to be acted on by the

direct radiation of the sun.

If this is the case it would account for the irregularities

in the structure of small comets being more marked than
in large comets. For the larger the group of stones the

greater would be the mutual attraction of its various parts,

and the less would be the liability to its disturbance by
the evolution of gas at a pressure corresponding to a given

temperature
; and the larger the group of stones the

greater would be the density of the gaseous envelope sur-

rounding it, and the greater would be the resistance to

outrushes of gaseous matter from the nucleus.

We have at present diligently to collect facts. The
branching structures shown in the photographs of Swift's

comet, as well as the more striking branching structures

shown in the photograph of Brooks' comet taken on the

21st of October, and the flattened heads of the small tree-

like structures which project and form the notches at the

eastern edge of the tail, present forms that remind one of

the forms of solar prominences—that is, forms which are

assumed by uprushing masses of gas passing through a

resisting medium—and the conclusion pointed at, is that

these similar forms have a similar origin, though spectro-

scopic and polariscopic observation of the light derived

from comets' tails leads to the conclusion that the matter

of which they are composed is not in the gaseous state.

The bright line spectrum seen in comets is generally

only recognizable in the immediate neighbourhood of the

nucleus, and the light from the tail is fouud to be polarized

in a manner which indicates that its brightness is due to

the light of the sun dispersed by a cloud of fine dust, the

particles of which are on the average small compared with

the wave-length of light. It would seem, therefore, that

the gaseous matter evaporated from the nucleus is precipi-

tated and then driven away from the sun in a cloud-like

mass that retains the general outline or form which the

gaseous matter had acquired during its outrush through

the loosely-packed atmosphere surrounding the cometary

nucleus.

Even large comets have exhibited irregularities in their

tails, notably the great comet of 18H2 (//), in which the

want of uniformity in the density of the cloudy matter of

the tail was noted by several observers. I append a

picture of this comet from a sketch by Mr. .lohn Brett,

which seems to lie supported by the photographs obtained

by Dr. Gill at the Cape of Good Hope with a portrait

lens of two and a half inches aperture and eleven inches

focal length. The mass projecting nearly at right angles

from the end of the tail was noticed by several observers,

while only a few noticed the faint veil of light shown
in the photograph extending in a direction presumably
towards the sun from the brighter parts of the comet near

the nucleus.

Xottcr of Boofe.

Horns and llonfs : or Chapters on Hoofed Animals. By
R. Lydekker. London: 1893; 8vo,pp. 411. Illustrated,

Horace Cox.—Mr. Lydekker's articles on big game, which
have appeared during the last few years in the columns of

the Field and Lawl and ]Vater, have been very generally

appreciated and we are glad to welcome their re-issue in

volume form. In an ever-advancing science like zoology,

progress is continually being made in our knowledge of

animals, and we are glad to see that Mr. Lydekker has done
his best to bring his chapters well abreast of the present

time in regard to the numbers and characters of the species

in the various groups treated of, though there are many
groups left unnoticed. Thus the wapiti, and other horned
animals of North America, are left without notice, and we
look in vain for any description of such well-known
animals as the European chamois, the American prong-

horned antelope, the Rocky Mountain white "goat," and
the extinct Irish elk.

It is obviously unreasonable to expect to find a complete
treatise on horned and hoofed animals published in a

series of articles intended for popular reading, but one

may safely assert that no book which has hitherto

appeared has contained such a complete list of horned
and hoofed animals in the groups and regions treated of.

The value of the work to naturalists would have been
still further increased if Mr. Lydekker had given the

various names or synonyms used by different authors in

describing the same species. In a second edition he
might, without detracting from the popular character of

the book, give such synonyms in the index, with the

authors who have used them, in chronological order,

after the plan adopted by Sir Victor Brooke in his

various papers on gazelles, sheep, and deer in the

Proceedini/s of the Zooloijical Soeiety.

In their original form, some of the chapters were not

illustrated, but this deficiency has now been amended

;

while some of the figures which appeared in the columns

^s;„,rsi^m

The Musk Ox {Ovibof: moschaln.i).

of the Field and Land and Water have been replaced

liy new ones, in every way worthy of Mr. Lydekker and

of the artists by whom they are executed. We notice,

however, that there are still some outline figures which

compare but poorly with the finished wood engravings
;

and if, as we hope it may, the book soon reaches a second

edition, we would recommend the publisher to supply

fresh ones.

Treating of the musk ox, which, as ^Iv. Lydekker points

out, cannot be rightly classed as an ox, though its horns

are at first sight so bufl'alo-like that the animal is almost

always popularly regarded as a member of the bovine

group, Mr. Lydekker remarks that, though in size and

general appearance the musk ox recalls our smaller High-

land cattle, its short tail, which is completely concealed

among the long hair, and hairy muzzle, as well as the
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structure of its grinding teeth fwhich in the upper jaw
are narrow, and have no additional cokimn on the inner
side), prove it to be essentially a sheep.
One would have liked to hear Mr. Lydekker's specula-

tions as to why animals having such different pedigrees as
the musk ox and the buffalo should have developed horns
of such similar character. I'nlike the horns of other
oxen and sheep, they cannot be detached from the skull.
They spring from rugged flattened bosses which form a
horny mass protecting the forehead, and then curve down-
w^ards, and afterwards upwards, becoming thin and
cylindrical before they terminate in the sharp points
which are used for offensive warfare. Two other animals
of very dissimilar character, the takin of Assam and the
white-tailed gnu of Southern Africa, both of which are
antelopes, have horns of very similar form protecting their
foreheads, though their habits, surroundings, and relation-
ships are entirely different from those of the musk ox and
buffalo. Only the male of the white-tailed gnu, the buffalo,
and the musk ox, have these forehead protecting horns,
so that probably they are of some service for fighting
purposes.

The musk ox is an essentially Arctic animal, well
adapted by its massive feet (of which the sole is in part
hairy) for getting over the roughest ground with facilitv.

They associate in small herds, which Mr. Lydekker states
do not usually comprise more than thirty individuals. At
the present day it is confined to North America, to the
north of latitude G0°. Its range seems to be steadily
becoming more restricted. Thus it was formerly common
in Alaska, skulls having been obtained by Captain Beechey,
during the voyage of H.M.S. " Blossom " in 182.5 to 1828,

The Head of a Capo Buffalo (Bos caffer).

from the frozen deposits of Kotzebue Sound, in Behring
Strait, and they have also been found on the upper part of
the Porcupine River in Canada. Its bones have been
found, together with human remains, as well as those of
the bison and reindeer, in the Dordogne, and at a still

earlier period, when mammoths existed in England, it

was a resident here, indicating probably Arctic conditions
at the time. While the musk ox only inhabits regions which
are covered with snow during a great part of the year,
the Cape buffalo is usually found in reedy swamps from
the Cape as far north as the equator, but some individuals
are found inhabiting heavy timber jungles. These, ac-

cording to Mr. Drummond, have more widely spreading
lioms. Nearly all books of African sportsmen teem with

anecdotes of hair-breadth escapes from the charges of
buffaloes. The massive horny shield on the forehead of
the old bulls renders their heads practically safe from a
shot, though it is just possible to kill them by a well-

planted bullet in the line of junction of the two horns.
In the Pleistocene times the buffalo, known as Bos
(intii/uus of the Cape, had horns with a stretch from tip to
tip of at least fourteen feet.

In speaking of rhinoceros horns, Mr. Lydekker describes
one in my collection as measuring forty and a quarter
inches long and twenty-two inches in basal circumference,
weighing thirteen pounds. I have since obtained one
measuring forty and a half inches in length with twenty-
nine and a half inches basal circumference, and weighing
twenty-four and three-quarter pounds.

Treating of wild oxen, wild sheep, wild goats, the ante-

lopes of Asia and of Africa, the deer of Asia and of South
America, wild pigs, and rhinoceroses, the book covers a

wide area of ground. It is written in a thoroughly popular
style, combined with 'Mr. Lydekker's usual care and
accuracy, and will be invaluable, not only to travellers

and sportsmen, but likewise to the stay-at-home lovers of

natural history who are interested in the study of the
larger horned and hoofed animals which the sportsmen
speaks of as big game. Now that so many yoimg English-
men are making their home, either permanently or
temporarily, in South and East Africa, the amount of

information contained in the chapter on African antelopes,

which cannot be obtained elsewhere in a collected form,
ought alone to be sufficient to ensure the book a wide
circulation. Both author and publisher are to be con-

gratulated on the result of their efforts.

Edmund Loder.

%ttttV^.

[The Editor does not hold himself responsible for the opinions or
statements of correspondents.]

KETLRNS OF PERIODICAL COMETS, AND OF 1881 V.
(DENNING).

To the Editor of Knowledge.

Sir,— Mr. Lynn, in speaking of the " periodical comets
due during the remainder of the present century " (see

his work on " Eemarkable Comets,'' p. 39, and article in

Knowledge, vol. xvii., p. 7), appears to ignore the periodi-

cal comet which I had the honour of discovering on the

early morning of October -Ith, 1881. Mr. Lynn, however,

refers to this object on page 27 of his book, saying, " the

period was determined to be about nine years, but the

comet has not been seen since, probably owing to pertur-

bations as it approaches the paths of several planets." I

would point out to Mr. Lynn that the comet returned
unoh.scrveil to perihelion in 1890 in consequence of its

singularly unfavourable position near the sun, and that we
are by no means driven to the alternati\'e of planetary

perturbations to explain its non-visibility on that occasion.

Presumably no one looked for the comet at its return in

1890 because no one expected to find it, as the ephemeris

computed and published by Dr. Matthiessen showed that it

must escape observation, being more or less in the glare of

the sun during the few months when it was tolerably near

the earth. The comet is, however, likely to reappear at

the close of 1898 or beginning of 1899, when its more
favourable position encourages the hope that it may he

redetected.
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Dr. Matthiessen predicted the time of perihelion passage

in 1800 to be May 9th, and gave the probable error of his

determination as 'less than four days. From this it would

appear that the orbit of the comet has been computed with

considerable precision, though the available observations

of it in 1881 only extended over the fifty days from October

5th to November 24th. The exact periodic time was given

by Hartwig as 8-8335 years, by Plummer as 8-8578 years,

and by Matthiessen as 8-6874 years. Chandler made it

less, while Block at Odessa made it more. Of the several

values, Matthiessen's is probably the most accurate, as he

utilized an observation at Strasburg, on November 24th,

not known to the other computers. If we adopt his period

of 8-6874 years (= 8 years and 251 days), as correctly

representing the mean period of the comet, then returns

may be expected in January, 1899, September, 1907, June,

1916, February, 1925, October, 198H, &c.

Including a few comets omitted by Mr. Lynn as too

uncertain, and adopting the periodic times given in

AstmnoDii/ awl Astni-Phi/'fics for November, 1893, I have

compiled' the following table of probable cometary returns

up to the end of 1900 :

—

18114, Aiiril, Temxjel (1ST3 11.)

ISilo, Febi-j'.. Eucke.
June, Barnard (1S84 II.)

Jiily, Brorsen.
IS'.lti, Marcli, Faye.

October, Brooks (1889 V.)
IsilT, March, Spitaier (1890 II.)

May, D'Ai-rest.

May, Tempel-Svvift.
August, Brooks (1886 IV.)

1.S9S, April, Pons-Wimiecke.
May, Eneke.

I have given the months of perihelion passage, but of

course they are very doubtful in many cases. Their re-

tention, however, serves to indicate the season. Wherever

it seemed necessary to distinguish the comet by adding the

year and number to the name, I have done so. The list

shows that returns of periodical comets will be remarkably

frequent in the last three years of the present century. For

Tempel's comet (1866 I.) I have adopted Dr. Oppolzer's

period of 83-176-years, but the mean period is probably a

little longer than that, and corresponds with the 33^ years

of the Leonid meteors. Yours faithfully,

Bristol, -January 8th, 189i. W. F. Denning.

1.S98, June, Swift 1 1889 VI.)

-June. Wolf.
Septr., Tempel (1867 11.)

1899, January, Denning (1881 V.)

March, Tempel (18615 I.)

April, ]5arnard (1892 V.)

May, Tuttle (1858 1.)

May, Holmes (189-2 III.)

July, Tempel (187:) II.)

1900. Fabry., Finlay.
October, Barnard (1884 II.)

Re LARGE TELESCOPES.

To the Editor of Kno-wledge.

1)e.\r Sir,—In your interesting paper upon telescopes, in

this month's Knowledge, you state that Lord Rosse's Oft.

mirror remains " the greatest light-grasping instrument

which has been turned to the stars."

Surely you forgot Dr. Common's 5ft. silver on glass

reHector. There can be no doubt of its superiority as a

light-collector over a Oft. metal reflector. The highest

estimate I have found for Lord Eosse's metal is that it

returns 67 per cent, of the incident light. The second

reflection at the flat will be -67 x -67, or -45 about.

A silver on glass in good condition reflects 91 per cent.,

and its effective return after second reflection will be

•91x-91= -83 nearly. We compare the light-gathering

power of the two instruments by multiplying the square

of the diameters of -45 and -83 respectively then, which

comes out as 161-0 for Lord Rosse's, and 207 for Dr.

Common's, or the latter collects more than one-fourth

more light.

It appears to me that neither large refractors nor large

reflectors are quite satisfactory, but there is no doubt

the American refractors have much better atmospheric

conditions than our English reflectors.

January 5th, 1894. Edwin Holmes.

[Mr. Holmes is, no doubt, correct when he takes into

account the loss of light on a second reflection at the

surface of a flat. But the instruments may be used with

a totally reflecting prism in place of a flat, or a photo-

graphic plate may be exposed in the principal focus.

When only the one reflection at the speculum is taken

into account. Lord Rosse's instrument has the greater

light-grasping power. Adopting Mr. Holmes' estimates

for the percentage of light lost by reflection at perpendicular

incidence from speculum metal and from silver, the ratio

of light-grasping power would be as 36 x -67 to 25 x "91,

or as 24-12 to 22-75.

In comparing the loss of light when a flat is used, it

should be remembered that less light will be lost when
the angle of reflection is 45° than when the light is

reflected at nearly perpendicular incidence, as from a

speculum, and that a silver on glass mirror tarnishes

much more rapidly than a speculum metal reflector ; so

that in ordinary use a silver on glass reflector stands at

a greater disadvantage, as compared with a newly-polished

instrument, than a speculum metal reflector.—A. C.

Ranyard.] —I • i

—

To the Editor of Knowledge.

Dear Sir,—I beg to draw attention to a curious optical

phenomenon, which seems to me worthy of more attention

than it appears to have received.

When the eyes are fixed on a light at some distance,

and partly closed, three pencils of rays, in the form of the

letter Y, are usually seen apparently proceeding from it.

One of the upper pencils disappears when the corresponding

eye is closed, together with half of the lower pencil.

Each pencil is seen to be made up of a varying number of

separate rays.

I have found by experiment that the apparent arrange-

ment of these rays varies remarkably, according to the

structure of the eye of the observer. When the eye is

normal the rays proceed directly from the luminous point

of the flame ; when myopic the rays cross each other and

separate a short distance from the luminous point ; when
presbyopic the rays meet (or would if produced) beyond

the luminous point. A concave or convex lens will enable

anyone with normal eyes to see the appearances peculiar

to presbyopic or myopic eyes respectively.

It is a curious fact that the arrangement of these rays

in a particular eye is in fact a visible representation of the

manner in which the actual rays reflected from outer

objects traverse that eye, if we suppose the retina to

occupy the place of the luminous point.

I suggest the following as a possible explanation :—The
rays emitted from a luminous body, besides throwing an

image of the body on the retina, have also the power of

giving the sensation of an addition image, which takes

the form of two pencils of rays proceeding from the

luminous point. In a myopic eye the actual image as

seen is badly defined, owing to well-known causes, and

instead of a single image, a number of partly superimposed

similar images are seen, each with its complemental

pencils of rays. These rays cross each other and give

the observed appearance. If a concave lens is now inter-

posed between such an eye and the luminous body, and

moved towards the eye so as to gradually correct its

refraction, the images will approach, and form at length a

definite image, giving two pencils of rays arranged exactly

as in the normal eye. If the lens is brought still closer
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the rays will now, of course, converge behind the retina,

and, as before, a number of ill-defined similar images will

be seen, each with its complement of rays. Bearing in

mind the direction in which the rays now fall on the
retina, it will be seen that the various pencils will combine
to form two large pencils with foci lying beyond the
images, as in the presbyopic eye.

An explanation of the cause of these rays would be
interesting. J. Walter Browx.

Belfast, January 16th, 1894.
[The rays referred to by Mr. Walter Brown are well

known. They are produced by the reflection of light from
the wet surface of the edge of the eyelid when it partly

overlaps the pupil of the eye ; and thus they are only seen,

as Mr. Brown remarks, when the eyes are partly closed.

He may satisfy himself that the rays are produced by
reflection from the edge of the lid by a few simple experi-

ments.
If he entirely closes one eye and partly closes the other

when looking at a distant candle, so as to see one upward
and one downward ray, he will find that the lower ray is

eclipsed if the edge of a visiting card is brought slowly
downwards between the eye and the candle, and that the
upper ray is eclipsed if the edge of the card be brought
between the candle and the eye from below upwards.

If he obtains the assistance of a friend to watch the
operation, he will find that he begins to lose sight of the

end of the lower ray at the moment that the shadow of the
card reaches the edge of his upper eyelid, and similarly

with the upper ray when the shadow of the card reaches
the edge of his lower eyelid. On inclining his head to one
side, he will find that the rays revolve in proportion as

the head is turned round ; and by carefully laying hold of

his eyelashes, and stretching or twitching the lid, he may
alter the position and form of the rays.

These pencils of rays are, no doubt, the rays which artists

intend to represent by the diverging lines they draw from
the picture of a candle, but they do not correspond to the
very numerous and fine bright rays which we see diverging
from the images of brilliant points of light such as
electric arc lights, or the reflection of the sun from the
bulb of a thermometer. These finer rays are seen when
the eyes are wide open, and they are produced by radial

inequalities in the structure of the crystalline lens of the

eye—a curious structure grouped into six bundles or

sectors, which is well shown in a picture in Helmholtz's
" Physiological Optics " (see the I'rench translation, p. 34).

The eyelids, when closing over the pupil, do not form a

slit with parallel edges ; and the two arms of the Y seen

by Mr. Brown seem to indicate that while the edges of

his upper eyelids are parallel, the edges of his lower eye-

lids are inclined to one another.—A. G. Eanyard.]

ENCICE AXD SEEBEKG.

To the Editor of Knowledge.

Sir,—We have all heard of the complaint of Socrates
that Crito confounded him with his corpse by asking him
how he wished to be buried. By a stranger, or at any
rate more unusual mistake, your readers this month must
have thought that I had confounded Encke with his

dwelling-place during the early part of his astronomical

career. But what I wrote (p. 7, col. 1, line 20) was not
"the illustrious Heeberg, an astronomer," but "the
illustrious Seeberg astronomer," Encke having been at

that place when he determined the orbit of the comet with
which his name is indissolubly connected.

The Seeberg Observatory, founded by Duke Ernest II.

in 1791, was situated a few miles from Gotha. Zach and

Lindenau were successively directors of this establishment,
where Encke laboured from 1815 until he was appointed
director of the Berlin Observatory in lH2y. The building
at Seeberg had fallen into decay, and the instruments were
transferred to a new observatory, erected at Gotha, in

1857, where Hansen, Encke's successor, remained until

his death in 1874.

Yours faithfully,

Blackheath, .Jan. 1st, 1894. W. T. Lynn.

THE ASTRONOMICAL SOCIETY'S MEDAL.

The Council of the Eoyal Astronomical Society have
this year awarded their gold medal to Mr. S. W. Burnham,
who has long been acknowledged &s facile printrps of double
star observers. He is not only a very keen-eyed observer,

who has detected nearly all the very close and most diflicult

double stars that are known, but he has discovered more
double stars than Sir William and Sir John Herschel,

Wilhelra and Otto Struve, and Dembowski put together,

and has made a most exhaustive study ot the history of

double star observation, which has enabled him, by a

comparison of the observations of all the well-known
double star observers with his own observations, to

determine with far greater accuracy than was previously

possible the forms of the apparent orbits of all the

principal binary systems. Sherburne Wesley Burnham
was born about 1M40 at Thetford, A'ermont, U.S.A. His
first discoveries were made with an excellent six-inch

refractor, made by Alvan Clark. Subsequently he worked
with the eighteen and a half inch refractor of the Dearborn
Observatory, Chicago, and then with the thirty-six inch

refractor on Mount Hamilton. He retired from the Lick
Observatory some two years ago, but he has now been
appointed to the Yerkes Observatory, where he will have
ample opportunities of using the forty-inch refractor.

STINGING INSECTS. -I.
By E. A. BuTLEB.

AMONGST the varied powers possessed by insects,

there are, perhaps, none that have made so forcible

an impression upon the human mind as that of

stinging. The intensity of the pain that follows

a stmg, contrasted with the insignificance of the

being that causes it, and the quietness, suddenness, and
unexpectedness of the operation, whereby there is no time

left for the person attacked to put himself on his guard, or

to prepare for defence, are circumstances well qualified to

inspire caution. To facts like these may, no doubt, be

attributed the very prevalent feeling of suspicion with

which unknown insects are regarded, especially if they

have a formidable appearance. In consequence of this

widely-difl'used distrust, many insects that are perfectly

hai-mless are popularly credited with venomous powers,

especially if their shape or general aspect suggests such a

property. The prejudice thus created is most difficult to

eradicate. It begins in the nursery. Children when quite

young are cautioned against creatures that could in no way
harm them, and this influence descends from one to the

other as part of the inheritance of nursery traditions ; the

error is thus perpetuated, and shows at times such extra-

ordinary vitality that the strongest assurances of experts

are insufficient to dispel the illusion. And yet a very Uttle

general knowledge of insect structure is enough, without

any close acquaintance with particular species, to enable

an ordinary person to judge for himself whether any given

insect is a stinger or not. We propose in this paper to
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endeavour to make clear what insects really are venomous,

and what is the true nature of the stinging operation, as

well as to say a word on behalf of some that are commonly,
but calumniously, regarded as dangerous.

Confining our attention to the fauna of our own islands,

we may state, in the first place, that the number of species

possessed of this power of annoyance bears an extremely

small proportion to the total insect population. The
power is not indiscriminately distributed, but is confined

to certain special groups ; so that if one can only acquire

a general knowledge of insect types and a readiness in the

art of classification, or recognizing at a glance the order

or sub-order to which an insect belongs, it becomes
a very easy matter to estimate on /( prinri grounds the

chances of its being a stinger. Whole orders, con-

taining thousands of species in our own country alone,

may be dismissed at once as including no members
that indulge in the objectionable practice. But before

indicating which they are, it will be necessary to define

somewhat carefully what is to be understood by the word
" sting." It is popularly used for at least four operations,

which difi'er more or less widely from one another. The
truest sense is doubtless that which implies (1) the making
of a puncture, for offensive or defensive purposes, by
means of a sharp-pointed and complex organ which is the

equivalent of what in other insects becomes an egg-laying

instrument, and is therefore placed at the hinder end of

the body, and (2) the injecting into the wound thus made
of some poisonous liquid secreted by the insect itself. The
injection of an irritant poison easily explains the intense

pain and other discomforts that follow such punctures.

But in some cases a puncture is made defensively by a

sharp-pointed instrument in the same position as above,

but no poison is injected, since the gland necessary for its

secretion is absent. Here no swelling or discomfort follows,

and the only pain that is felt is the sharp prick at the

moment when the puncture is made. By those who are

unfamiliar with the insects, this would be at first regarded
as a sting, for pain and inflammation are naturally expected

to follow a sharp puncture, and it is only when the efl'ect

is found to be transient that the difference between this

and the true sting can be discerned.

The third kind is that in which a puncture is made by
a combination of fine perforating instruments which con-

stitute the mouth organs, and are therefore situated at the

head end of the body. In this case, as we have pointed

out on previous occasions, it is a moot point whether any
poison is instilled or not, no special poison glands being
discoverable, unless the saliva itself possesses an irritating

property ; but however that may be, the operation is

obviously one of a totally different character from those

before mentioned, and its purpose is not essentially

ofifensive or defensive, but consists merely of an endeavour
to obtain food, though on occasion, possibly, use may be
made of it for protective purposes as well. The two first

mentioned, as being purely strategic actions, so to speak,

are accomplished quickly by a sudden rapid plunge with a

hard and stiff weapon ; but the third is a slower process,

and usually consists in forcing a collection of exceedingly
thin and flexible hair-like organs gradually through the

skin. This also is often followed by painful swellings and
inflammation. All the actions already enumerated are

more or less under the control of the insects themselves.
But to these must be added those cases in which painful
swellings are caused by the mere handling of the insect,

through accidental contact with its glandular hairs, a

species of injury unintentional and entirely beyond the
control of its inilictor.

Under one or other of the above four heads may be

Fig. 1.—Antenna!
Hornot : A, male

;

tVm.ile. Magnified
diameters.

arranged all the instances that may reasonably be described

as stinging, by whatever insect the injury may be inflicted.

Under the first head come the true vengeful stings, such

as those of bees, wasps, and ants ; under the third, the

punctures made by bugs, gnats, and other flies, in their

efforts to obtain the liquid food on which they subsist

;

flea-bites also may be ranked here, although there is some
modification in the shape of the organs concerned. Thus,

when we speak of the " sting " of a wasp, and the " sting
"

of a mosquito, we are referring to two totally diS'erent

operations carried out by instruments placed at opposite

ends of the body, and for totally different purposes—the

one a fighting, and the other a

/^ feeding action; the one for forcing

down poison into a wound, the

g other for sucking up blood out of

a wound. Aristotle, and after him
of PlLny, long ago pointed out this

B, distinction, showing also that the
'^"'' tail-stingers, such as bees and

wasps, were /"ouc-winged, but the

iiitiutli - stingers, such as gnats and flies, tiro - winged.

Under the second head will be included any punctures

that may be made by ichneumon flies, which are the most

insignificant of all in their effects ; and under the fourth,

those painful swellings that are caused by the hairs of the

caterpillars of certain moths, such as the gold-tail and

brown-tail described in a recent paper, and the proces-

sionary moths of the Continent. This fourth group, again,

diSers from all the rest, in that the power of stinging is

possessed by the insect in its larval condition, whereas,

in all the other cases it pertains only to the adult.

We are now in a position to consider, from the system-

atic point of view, what insects those are that possess the

stinging power in either of the senses described above.

All insects that can voluntarily inflict punctures, whether

distinctly poisonous or otherwise, with mouth or with

ovipositor, are included in three only out of the eight or

nine orders into which almost all insects are grouped, viz.,

the Hymenoptera, to which bees, wasps, and ichneumon

flies belong ; the Diptera, containing gnats and other two-

winged flies ; and the Hemiptera, or bugs. Thus we may
dismiss from our thoughts altogether the following groups,

as having no share in the opprobrium that rests upon the

orders just mentioned: the order Coleoptera, containing over

three thousand British species, which consist of beetles of

all sorts, including many that have other popular names,

and are not usually called beetles, such as ladybirds, glow-

worms, weevils, cockchafers, and the like ; the Lepidoptera,

or butterflies and moths, with over two thousand British

species, if we except the two or three whose caterpillars have

irritating hairs ; the Neuroptera and Trichoptera, or dragon

flies, lacewing flies, and caddis flies, a total of between three

and four hundred; the Homoptera, or frog-hoppers and

plant lice, containing some hundreds of species
;
and the

Orthoptera, or earwigs, cockroaches, crickets, and grass-

hoppers, a group feebly represented in this country, and

including only between forty and fifty species. Here, then,

we have a total of some six thousand British insects,

to none of which does the charge of stinging apply. But

this is by no means all, for of those three orders mentioned

above, which contain the stingers, the Hemiptera (excluding

the lice) yield only some half dozen, out of their total of

nearly four hundred and fifty British species, against which

the charge can in any way be substantiated ;
the flies only

a small proportion of their total of over three thousand
;

and even the Hymenoptera, which contain most of all,

probably not much more than an eighth of their four

thousand or upwards. Hence it appears that, were it not
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for the fact that some of the stinging insects are amongst
the commonest of the common, and that enormous numbers
of specimens of them are to be found, we might, in con-
sideration of the small proportion of the total number of
kinds that are thus harmful, expect not very frequently to

meet with any that would on this score justify distrust.

In the above list of non-stingers, the only ones that call

for additional remark are the dragon flies. These large,
rapacious, and usually powerful insects have, unfortu-
nately, acquired a very bad name, and have a widely
extended reputation for stinging, which is, however,
nothing more than mere tradition, and has no foimdation
in fact. The popular prejudice against them is crystallized
in the common names of some species, such as horse-
stingers and devil's darning needles. The long, thin body,
which is often twisted about as if in search for an object

to attack, is, no doubt, partly responsible for the origination

of the idea of their veuomousness. Nevertheless, the idea is

absolutely incorrect ; as one writer has said :
" Li both its

states of water and air, it can do everything wicked except
the one thing it is popularly supposed to do best, namely,
still;!." No stinging organs are possessed by any species,

and no power of doing direct injury to human kind exists

amongst them, so that no one need fear handling any kind of

dragon fly. The only possible suggestion of harm is in the
jaws of the larger kinds, these being powerful (relatively),

so that they can inflict a sharp pinch, but still not enough
to pierce the skin.

Turning now to the Hymenoptera, as containing those
insects that most truly merit the epithet " stinging," we
find a special section of the order, to which the name of
Aculeata, or sting-bearers, has been given just because they
differ from the rest of their kindred by the possession of a
poisonous sting. This section contains several sub-divisions,

such as the ants.thefossores or diggingwasps, the true wasps,
both social and solitary, and the bees—these, too, including
both social and solitary species. As the sting is a modifica-
tion of the ovipositor, or instrument for depositing the eggs,

it is of course found only in the females ; hence, none of the
males of the above insects are able to defend themselves by
stinp;ing,but may all be handled with impunity. Their longer,
thinner body, and longer antenna; (Fig. 1) will often dis-

tinguish them ; but sometimes they are totally unlike their

partners, and therefore it is hardly possible to lay down
general directions for recognizing them. In those species

that are social the sting is carried not only by the true
females, who are often few in number, but also by that
curious and very numerous intermediate or third form
which is characteristic of social insects, viz., the workers,
who are a sort of abortive females. When, tlien, we speak
of being stung by wasps or by the hive bee, it is almost
invariably the workers who are the guilty parties. The
only female in a bee-hive is the queen, and she is not met
with in the open except at the time of swarming. Amongst
the wasps, the females, or queens, are more likely to be
met with, but they are far outnumbered by the workers.
Amongst the ants, a certain family, the luirmicida, are not
provided with a usable sting, but merely with a rudi-
mentary representative of that organ, though the poison
gland is well developed and contains poison in abundance

;

this they eject at their foes with considerable force and
to great distances, and as it-is of a strongly acid character,
it causes a smarting sensation on a sensitive skin, especially
if injected, as often happen?, into wounds already made
by their jaws.

To illustrate the structure of the sting, we may take
the instrument as found in the largest species, as, for

example, a hive bee a humble bee (Fig. 2), or a wasp
(Fig. 8). The plan is the same in all, with differences of

Flu. 2.—.Sting o( Humble Bi-e. Jlagnilieil

foui'ti'L'ii diametpvs.

detail only. When not in use, the whole of the sting

apparatus is withdrawn between the pair of terminal plates

of the body, which
open like a mouth
to allow of its ex-

trusion. These
must be removed
before it can be

seen ; they can
easily be torn oft'

with a fine pair of

forceps. The sting

now stands revealed.

and its most pro-

minent part, which
wiU be at once de-

tected, is a strong

dart, straight or

curved according to

the species ; it is

grooved on its under
surface, and tapers

to a not very sharp
point. At its upper
end it is expanded
into a broad, pouch-
like body, and both

this and the greater

part of its narrower
continuation are

double- walled.
Within the groove lie two long, narrow lancets, which
can be moved up and down in the dart, by running
along two projecting lines like rails, which extend from
top to bottom of the groove ; they are worked by levers

and muscles attached to their upper ends. The lancets

are notched at the free end with teeth that point back-

wards, like the end of a savage's spear ; throughout
their length they are hollow, but their cavity com-
municates with the exterior by a little channel amongst
the barbs. In communication with the pouch at the

top of the dart is a membranous tube, which is connected

with a thin-walled bag, the poison recejitacle. From
the upper end of this bag there passes a long, white,

thread-like, coiled tube, which soon divides into two
branches, each of about the same diameter as the undivided

tube, and these ultimately end blindly in little knob-like

swellings. The poison, which consists largely of formic

acid, is secreted within these tubes, and is poured from
them into the bag at the base of the sting, where it is

stored till required. Close by the base of the sting there

is a pair of hair-beset feelers, called collectively the sting-

sheath, and intended to assist in guiding the dart to a

suitable spot for attack.

In the act of stinging, the dart and its feelers are first

thrust out between the terminal plates of the body, and
the dart is pressed against the object attacked, so as to

enter the skin ; the lancets are then slid along their rails

and pass out beyond the tip of the dart, thus making the

wound deeper ; at the same time poison passes from the

bag in which it is stored, down the groove in the dart,

and out at its extremity into the wounds ; but some also

finds its way into the interior of the lancets themselves,

and so out through the channel near their tip, and thus

into the wound at a deeper point. The recurved barbs on

the lancets and dart of course operate as a drag in any
attempt to withdraw the sting, and it is entirely a question

of the relative strength of resistance whether the sting

can be withdrawn or has to be left in the wound. Thus
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when the insect is alarmed and tries to pull out its sting

suddenly, as is of course usually the case when, for example,
a hee stings a human being, it often happens that the

sting cannot be extricated quickly enough, but the bee in

its struggles tears itself away, leaving the sting and all its

appendages still sticking in the wound. According to Mr.
J. I). Hyatt, if a bee be allowed to sting a soft piece of

leather, it will be unable to withdraw the sting, and will

tear itself away, leaving the whole apparatus beautifully

dissected oiit, while the insect itself will fly away, appa-

rently not seriously incommoded by the loss. It is stated

that the queen bee is not very ready to use her sting

against human kind, reserving it for despatching her
rivals ; and that when she does sting a human being, she
is able to withdraw her sting more easily than a worker,

by turning round on it as an axis, and so giving the instru-

ment a corkscrew motion. Much of the muscular move-
ment connected with the act of stinging seems to be of a
reflex nature, so that it may take place some little time
after the death of the insect, and it is the painful experi-

ence of most persons who incautiously handle dead wasps
to find that death has not robbed them of the power of

stinging.

With bees, whether solitary or social, the use of the
sting is evidently, since the insects are entirely vegetarian
in diet, merely a means of defence against enemies ; but
with the rest of the aculeate Hymenoptera the case is

somewhat difl'erent. Wasps are hunters, and expert ones
too ; their young are reared on animal food, and the
workers therefore hunt for prey to satisfy these claims.

The sting here comes in very usefully as giving them an
easier victory over the quarry, and as rendering it, when
caught, powerless to interfere with its transportation to

the nest. The same remark applies to ants. The fossorial

Hymenoptera are somewhat diflerently circumstanced.
Though a numerous group, they are not generally well

known, and therefore have no
popular names other than that of

sand -wasps, which they share

(wrongfully) with the solitary

wasps. As their technical name
implies, they are diggers, burrow-
ing into the earth, or into wood,
and they have a preference for

sandy places, where the soil is

easier to excavate. Each burrow
is formed by one insect, and
tenanted by one brood only, for

they are solitary in habits, i.e., the

species consist only of males and
females, and each female makes a

home for her own brood alone
;

the young, therefore, do not depend
upon the care of nurses, but are

left entirely to themselves, and
have to feed themselves from the

moment of their liberation from
the egg till they become pupa\
Nevertheless, they do not collect

their own food, but a supply is pro-

S'ided by the mother before tliey

are hatched. Thus, as they never
need to leave their birth-cell, they

can afford to do without legs, which would, in fact, only
be in the way within the narrow confines of the cell ;

consequently, these larvje always take the form of foot-

less maggots. When the mother has made the cell, her
next business is to begin to provision it. The larvae are

carnivorous, feeding upon caterpillars, flies, gnats, spiders,

Fig. .3.—Stiii|,'of Wasp
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aphides, beetles, &c., the particular creature selected

depending upon the species of fossor. Each species

usually confines itself to one sort of prey ; the mothers
are, in fact, very good entomologists, able to distinguish

the right kind of creature amongst the multitude of species

of all kinds that they meet with in their explorations, and
often far more keen in knowing how and where to get hold
of a particular sort of insect than most human collectors.

In proceeding to provision the cell, then, the mother hunts
up a specimen of the proper sort of prey, deposits it in the
cell, and then lays an egg upon it. A store of provisions
of the same sort must now be got together in suthcient

quantity to last the larva its whole lifetime, and there is

also the further requirement that it must be in such a
condition as to remain fresh, and neither dry up nor
become putrid so long as the grub has any need of it.

The sting enables the mother to make the necessary
arrangements without difficulty. The prey, if thin-

skinned, such as caterpillars, is often strung slightly when
caught, enough to prevent it from struggling, but not so

much as to quite kill it. In this condition it is stored up,

too helpless to escape, but at the same time with as much
vitality left as will serve to keep it soft and fresh, and
prevent it from shrivelling up or becoming mouldy. Hard-
skinned insects, such as beetles, are stung to death before

being put beneath the ground ; then the dampness of the
soil softens their joints, so that by the time the grubs are

ready to proceed to the feast, the feast has been reduced
to a proper consistency for their jaws. The number of

corpses, or semi-animate bodies, with which the larder is

stocked of course depends upon the size of the insect to

be reared as well as upon that of the prey itself. For a
certain large species, which is shaped a good deal like an
ichneumon fly, a single large caterpillar suffices ; in other
cases, a dozen or so of small spiders, or some fifty or sixty

aphides, may be found piled up in a cell. Most of these
fossorial Hymenoptera are smaller than the generality of

bees and wasps, and hence their sting, though fatal to

their legitimate prey, has generally but a trifling effect

upon ourselves ; in fact, several species are extremely
reluctant to use their sting at all when handled.

{To be continued.)

FOSSIL WOOD.
By the Eev. A. S. Wilson, M.A., B.Sc.

A
DELIGHTFUL experience awaits the botanist on

turning his attention to fossil plants. Entering
the realm to which pabeontology introduces us,

forms of singular elegance and beauty greet the

eye ; others are seen, strange and grotesque, which
bid defiance to all our previous conceptions. No one who
is not altogether destitute of imagination can contemplate
the exquisitely graceful outline of Sphenopteris, or the

ornately sculptured stem of Ulodendron, in fairly preserved
specimens, without catching a glimpse of this fairyland of

paleontology.

We gain but an imperfect conception of any plant, how-
ever, from its external appearance alone ; for its proper
comprehension we must also know something of its life-

history and internal anatomy. This presents little diffi-

culty in the case of the leaves, buds and flowers enclosed

in the amber obtained from the Eocene strata of Germany.
Models of flowers belonging to the chocolate order, with all

their parts perfect, have been obtained by forcing melted
wax into certain cavities in the Tertiary tuffs near Sezanne,
in France. But without recourse to any expedient of this

kind Eenault procured from the Carboniferous strata of
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Grand Croix silicified flowers, in which the pollen grains
contained in the anthers, as well as the details of the
structure of the seed, could be readily discerned. Such
materials enable us to trace the entire life-history of a
number of fossil species. Earely, indeed, are all the
characters of the original plant retained by the fossil ; a

very vivid idea of extinct vegetable life can, fortunately, be
obtained from the microscopic examination of specimens
Ln which the minute structure of the tissues has been
preserved. As a rule, it is only in true petrifactions that

this occurs. From casts, moulds or impressions which
constitute the great bulk of fossils the original substance
has, for the most part, been removed ; what remains is

generally the merest film of carbonaceous matter in which
no structure can be detected.

In coal, again, the mineralizing process has usually gone
so far that the structure of the plants out of which it

was formed is almost entirely obliterated. By subjecting

exceedingly thin slices of coal to the microscope, Reinsh,
however, detected even in anthracite evident traces of

the tissues of the higher plants. From most kinds of

coal, Schulze also, by maceration in petroleum, soda and
other reagents, was able to separate organic fragments
showing all the structural elements of wood. Wigan
cannel coal and many other gas coals and lignites plainly

reveal their vegetable origin, and from Bradford and
Fordel collieries samples have been described consisting

entirely of the spores and spore-cases of ferns. But our
knowledge of the internal structure of extinct plants is

mainly derived from fossils, which have resulted from the
petrifying action of carbonate of lime or silica held in

solution in water.

At the present day, springs and other natural waters
possessing this petrifying power are of frequent occurrence,

especially in limestone and volcanic districts. In the
vicinity of some of the geysers of the Yellowstone Park
of North America, for example, trees, still erect, in all

stages of petrifaction may be seen
; grasses, reeds and

ferns are converted into stone round the hot springs in the
island of St. Michael, and similar phenomena occur in

many other localities. Subjected to the action of a petri-

fying spring, the substance of a plant is gradually removed,
and as each particle dissolves it is replaced by a particle

of carbonate of lime or flint, as the case may be. Now
this transformation, which we can observe in operation,

has occurred very largely in past geological time. The
astonishing thing about this process is, that under favour-
able circumstances the exchange of material is eii'ected

without appreciably altering the structure. Polished
sections of completely silicified palm stems from Antigua
may be seen in many museums, in which, with the unaided
eye, all the details of the endogenous structure can be
easily recognized. Specimens of exogenous stems similarly

preserved are also met with, exhibiting the pith, annual
rings, and bark, almost as perfectly as a newly-felled trea
From the lower Eocene of Heme Bay, Carruthers obtained
a silicified fern allied to Osmunda, in the cells of which,
not only were the starch grains still visible, but traversing

the petrified tissues could be clearly traced the mycelium
of a parasitic fungus. More remarkable still, when thin
sections of petrified wood are examined with the microscope,
we find in many cases that its constituent cells not only
retain their distinctive shapes, but the markings on the
cell-walls are faithfully reproduced. Annular, spiral,

reticulated, scalariform, pitted, and border-pitted markings,
even the excessively tine cross strire, may be seen as
distinctly in the fossil as in sections of fresh plants. Nor
is it only thick-walled, lignified cells that are petrified

;

even the delicate, thin-walled, transparent cells of the

cambium layer are often as plain as in a section of living

wood. This is the less surprising in view of what happens
in the Equisetaceie and other plants containing much
silica. The horsetails are practically siHcified while still

living. The Charas and Corallines might also be described

as living fossils, since they petrify as they grow.
The oldest plants of which the structure is known are

AlgfB from the Silurian strata of Wales. Silicified woods
found by Dawson in the lower Devonian of Canada are by
him referred to Coniferre, but by Carruthers to the Algse.

Hugh Miller discovered wood resembling that of Coniferaj

in the lower Old Red Sandstone of Cromarty. Wood of

similar character occurs in the middle and upper Devonian,
but is much more abundant in the coal measures. Oldham
and Halifax are among the more noted English localities.

Specimens have also been obtained from Granton and
Craigleith quarries, from Coldstream, and Laggan Bay in

the island of Arran, where some years ago Wiinch dis-

covered a number of stems with well-preserved structure.

The volcanic deposits at Burntisland have also yielded

considerable quantities. The Fife and Arran plants are
referred to the genus Lepidophloios ; they have excited

considerable interest among British and foreign geologists.

St. Etienne and Autim in France, Chemnitz and Dresden
in Germany, are among the most noted localities on the
Continent. Of the secondary or Mesozoic formations the
oolite is richest in plant remains. Pinites occurs in this

formation in the island of Eigg, and Hugh Miller states

that cartloads of oolitic wood have been removed from
the shore at Helmsdale and burnt for lime.

The Portland dirt-bed with its remarkable assemblage
of fossil cycads, also belongs to the oolitic series. Creta-

ceous rocks in Greenland contain abundant remains of

vegetation ; woody tissue even occurs occasionally in the

flint nodules of the chalk, and the Tertiary strata are

particularly rich in fossil plants. Even forests of petrified

trees are met with in some parts of the world, such as the

eastern coast of Australia, Tasmania, near Cairo, and in

several other places. In some of these the structure of

the wood has been preserved ; in others, as in the fossil

grove at Whiteinch, it has disappeared.

Fossil wood thus occurs more or less plentifully in all

formations except the earliest. The chief interest attaches

to examples obtained from the older or paheozoic rocks.

Most of these show a remarkable uniformity of structure

and greatly resemble the wood of the araucaria or Chili

pine. Wood of this type is known as araucaroxylon.

From its coniferous character and abundance in Carboni-

ferous strata the older geologists were led to infer that

cone-bearing trees had been very plentiful during the coal

period. This is now known to be an error, for although

true conifers existed in palfeozic times, their remains
only occur sparingly in Carboniferous and Permian rocks.

Wood of the araucarian type is now known to have been
produced very largely by the Cordaitre, an extinct family

of plants at one time thought to be monocotyledons on
account of their grass-like leaves, but since proved to have •

the closest affinity with the Cycadaccie.

As we should naturally expect, it is the harder and
tougher portions of vegetable tissue that most frequently

appear in petrifactions. The internal substance of a

fungus, seaweed or other thallogen, is entirely cellular.

If we slice the stalk of the common tangle it is found to

present a uniform appearance, and to admit of being cut

with equal ease in all directions. t)n cutting across the

root-stock of a fern, on the other hand, the knife encounters

a circle of thick fibres embedded in the softer substance.

These are the fibro-vascular bundles ; they run in a

vertical direction through the stem, uniting laterally at
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intervals, and forming a kind of internal framework. By
scraping awa}' the softer substance, a beautiful hollow

cylinder of network, the fibro-vascular system of the fern,

is exposed. This system, present in all the higher plants,

assumes characteristic forms in the leading divisions of

the vegetable kingdom. In the stem of a palm or other

monocotyledon the fibres are irregularly scattered through

the cellular substance ; the softer part being in the centre,

this arrangement is termed endogenous. The stems of

dicotyledons and conifers, on the other hand, are exogenous

and show a central pith surrounded by rings of wood and

layers of bark. The young exogen has a ring of five

bundles or so, reminding us of the adult condition of the

fern stem, but every succeeding year a fresh ring of

secondary bundles is formed towards the outside ; the

primary bundles at the same time gi'eatly increase in

diameter, so that very soon the vascular system in the

exogen assumes much greater importance than it has Ln

the fern, and ultimately constitutes the great bulk of the

stem. Cellular ground tissue occupies all the space en-

closed by the epidermis which is not taken up by the

vascular framework. The ground tissue includes the pith,

most of the bark, and the medullary rays. The last

mentioned are vertical plates of tissue which pass from the

pith to the bark, separating the bundles, and penetrating

the meshes of the vascular system ; to them is due the

appearance known as the silver grain of wood, easily

recognized even in fossil specimens. The primary vascular

bundles formed during the first season are the only ones

ever developed in ferns. Dicotyledons and Gymnosperms
are the onlj' living plants in which secondary thickening

occurs. By this is meant the increase of thickness that

occurs after the part has ceased to grow in length. A
certam length of stem is produced during a season of

growth. In ferns and palms this portion never becomes
any thicker ; the trunk of an exogen like the oak, on the

other hand, increases in girth as long as it lives. With
the single exception of Isoetes, in no existing fern, club-

moss, horsetail, or other Cryptogam does secondary
thickening take place. The extinct Lepidodendron and
Calamite differed in this respect very widely from their

modern representatives. Williamson has shown that they
possessed the power of forming secondary wood by
exogenous growth. The loss of this power may perhaps
account for the diminutive proportions of existing Lycopods
and Equisetacciie, to which the arborescent Lepidodendron
and Calamite of palfeozoic times were closely allied.

The separation of the secondary wood of exogens into

rings is due to a difference between that formed in autumn
and the portion added in spring ; the autumnal wood is

dense, the vernal is of looser texture and consists of larger

and more delicate cells. This is, however, only the case

in temperate climates where the seasons are marked. In
tropical woody plants annual rings are not, as a rule,

distinguishable. As indicating the former extension over

the globe of a more uniform and tropical climate, it is

interesting to note the entire absence of yearly rings in the

fossil woods of the palieozoic strata.

The stem of Lepidodendron, though agreeing with that

of an ordinary exogenous tree as regards the formation of

secondary wood, was in other respects very dissimilar.

In succulent and herbaceous plants the ground tissue

preponderates over the vascular system, and Lepidoden-
dron partook somewhat of the herbaceous character.

There was a central axis or cylinder of small diameter
relatively to the stem, consisting of a ring of wood which
varied in thickness with age. Inside, the woody ring
enclosed an enormous pith ; outside, it was surrounded
by a bark or cortex of great thickness. The bark of most

trees is thin compared to the woody part, but the rind of

Lepidodendron occupied in many cases quite four-fifths of

the diameter of the stem. It consisted of three layers
;

the innermost had a delicate spongy character, and is

rarely preserved. Of this tendency of the inner cortex to

degenerate we have an extreme example in the modern
Selaginella, in which the central axis is separated from the

cortex by a vacant space traversed here and there by

delicate horizontal cells or trabeculfe. In various members
of the Lycopod family. Prof. Bower has recently found this

inner layer of the rind to exhibit transition stages inter-

mediate between the conditions in Lepidodendron and
Selaginella. To compensate for the weakness of the

vascular system, the outer cortex in many extinct

Cryptogams was strengthened by strands of schlerenchyma,

consisting of thick-walled cells forming the dictyoxylon-

rind of Brongnart. A fossil stem in the writer's

possession shows, in addition to the woody cylinder,

scattered vascular bundles running up through the thick

pith. Under the name Heterangium, Williamson has

described a fossil plant with a similar arrangement.

This condition, which combines the characters of endogen

and exogen, is very exceptional among existing plants
;

species of Aralia and Phytolacca are among the few

examples known. Williamson is also of opinion that in

some lepidodeudroid plants secondary thickening occurred

within the pith, a peculiarity unknown in living plants.

A longitudinal section of a stem under the microscope

in all cases shows the woody bundles to be made up of

elongated tubes and cells, the walls of which exhibit dots,

rings, spirals, and various other marks. In ferns and
Lycopods the cell-walls are crossed by horizontal bars

giving the ladder-like or scalariform character. Wood
vessels are formed by the fusion of vertical rows of cells.

Some of the larger of these, from the resemblance which

their ring-like marking gives them to the windpipe of an

animal, are named tracheae. Strings of cells in which the

partitions still remain also occur ; such cells are the

tracheides, so-called because of their likeness to the true

vessels or tracheie. Vessels proper are most abundant in

the primary bundles forming the oldest wood next the

pith ; the bulk of the secondary wood, in conifers almost

the whole of it, consists of tracheides. These are elon-

gated tubular or prismatic cells, with oblique or tapering

ends which dovetail with those of the cells above and

below, and are distinguished as pitted, scalariform or

spiral, according to their markings. Tracheides are not

uncommonly six-sided, giving to the wood a columnar

structure resembling on a small scale the basaltic pillars

of Fingal's Cave or the Giant's Causeway. The arrange-

ment of the tracheides often reminds one of a collection of

organ pipes. The wood of the common arbor vit:e has an

exceedingly beautiful structure ; the tubular tracheides

resemble so many glass flutes with the row of pits corre-

sponding to the stops of the instrument. Crossing the

transparent flutes, as if to bind them together, at intervals

are seen the rows of brick-like cells so characteristic of

medullary rays. Tracheides and medullary rays cross

each other very much as warp and woof do in cloth, to

which the texture of wood has some analogy.

Coniferous wood is easily recognized ; its constituent

tracheides exhibit the characteristic markings known as

bordered pits. Each pit presents the appearance of a

small circle surrounded by a larger one ; the shape and

arrangement of the pits vary, however, in different

groups of ConifersB. Giippert recognized four, but Krauss

distinguishes six distinct types of fossil wood. Taxites,

represented by the modern yew, has only been obtained

from Tertiary rocks ; the cypress type is found in the
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chalk, and the pine and cedar type from the Trias on-
wards ; but all the wood of the older formations exhibits

the araucarian structure. In paljeozoic wood of the
araucaroxylon type each tracheide commonly exhibits

several rows of pits crowded together and mutually
compressed, so that the outer circle or border of each pit

presents a hexagonal rather than circular outline, giving

a tesselated appearance to the markings as though the
cell-wall were overlaid with minute mosaic. Coniferous
wood is much simpler than that of dicotyledons ; the
latter includes, beside trache'ides, cells and fibres of

various kinds. Palieozoic is therefore distinguished from
modern wood by the greater uniformity and simplicity of

its structure.

The various elements entering into the composition of

vegetable tissues and their symmetrical arrangements
often give to microscopic sections, both of living and fossil

plants, a remarkably beautiful appearance. The trans-

verse section of the stalk of the common bracken, for

example, is a lovely object presenting an elegant lace-like

pattern. This feature is retained even in the fossil
;

silicified fern stems from Saxony have long been cut and
polished wholesale on account of the graceful designs
which the sections present. The starling's-breast mineral,
or staarstein of the Germans, is also a fossilized fern,

being formed from the stalk? of species of Parsonieffi, and
in the wood opals petrified vegetable tissues even attain

the dignity of precious stones. We have only touched the
fringe of a large and interesting subject, but if we have
succeeded in conveying the impression intended, the
reader will have been able to form some slight conception
of the singularly charming field of investigation opened up
by fossil botany.

THE FACE OF THE SKY FOR FEBRUARY.
By Herbert Sadler, F.R.A.S.

WHENEVEE the Sun is visible, its disc should
be watched for spots and facuhi;. On moon-
less nights the zodiacal light should be looked
for in the south-west shortly after sunset.

Conveniently observable minima of Algol
occur at 9h. 10m. p.ji. on the 2nd ; 6h. Om. p.m. on the
5th ; lOh. 53m. p.m. on the 22ud : and 7h. 42m. p.m. on
the 25th.

Mercury is an evening star, and is well situated for

observation during the last two thirds of the month— in

fact, this will be the most favourable evening apparition in

the whole year. On the 11th he sets at 5h. 58m. p.m., or

51m. after sunset, with a southern declination of 11° 43',

and an apparent diameter of 5^", tW-^^ o^ ^^^ "^isc being
illuminated. On the 16th he sets at 6h. 32m. p.m., or
Ih. 18m. after the Sun, with a southern declination of
7° 42', and an apparent diameter of 5^", tbV^'^s of the
disc being illuminated. On the 20th he sets at Oh. 58m.
P.M., or Ih. 34m. after the Sun, with a southern declination

of 4° 25', and an apparent diameter of Gj", VuVths of the

disc being illuminated. About this time he is at his

greatest brilliancy. On the 2f)th he sets at 7h. 20m. p.m.,

or Ih. 48m. after the Sun, with a southern declination of
0° 6', and an apparent diameter of 7j", rather less than
-I'jths of the disc being illuminated. He is now at his

greatest eastern elongation (18° 5'). While visible.

Mercury passes through part of Aquarius into Pisces. On
the evening of the 15th he will be closely .«.,/'. A Aquarii,

4th magnitude, planet and star being visible in the same
field of view with a low power eye-piece ; and on the 18th
he will be near the 4th magnitude star <^ Aquarii.

Venus is not very well situated for observation during
February. On the 1st she sets at 7h. 13m. p.m., or 2h. 23m.
after the Snn, with a southern declination of 4'^ 4', and
an apparent diameter of 55", yJo^hs of the disc being
illuminated, her brightness being little more than half

what it was on January 11th. On the 10th she sets at

Oh. 24m. p.m., with a southern declination of 3^ 43', and
an apparent diameter of GO", -j-g^ths of the disc being
illuminated, and her brightness being only about one-fifth

of what it was on January 11th. After this she comes too

near the Sun to be visible. She is in inferior conjunction
with the Sun on the 16th, and after this becomes a morning
star, but still too near the Sun to be conveniently observed.

During the first ten days of February Venus describes a

short retrograde path in Aquarius, without approaching
any very bright star.

Mars and Uranus are both, for the purposes of the

amateur, invisible.

The minor planet Pallas comes into opposition with the
Sun on the 15th, her distance from the earth being about
115 million miles. On the 1st her R.A. is 9h. 28fm.,
southern declination 20^ 20'. On the 15th her Pi. A. is

Oh. 18im., southern declination 15° 39'. On the 28th
her R.A. is Oh. llm., southern declination 10'^ 11'. She
will appear as a OJ- magnitude star during February, and
may thus be possibly visible to the naked eye in the

absence of moonlight. During the month she describes a

retrograde path in Hydra, without approaching any naked
eye star.

Jupiter is the brightest object in the evening sky, but

his diameter is perceptibly decreasing. He sets on the 1st

at 2h. 12m. a.m., with a northern declination of 17° 28',

and an apparent equatorial diameter of 40'8". He sets

on the lltli at Hi. 36m. a.m., with a northern declination

of 17^ 42', and an apparent equatorial diameter of 39-4".

On the 28th he sets at 8h. 40m. a.m., with a northern

declination of 18'^ 14', and an apparent equatorial diameter

of 37-4". He pursues a short direct path in Taurus
during the month, but does not approach any naked eye

star. The following phenomena of the satellites occur

while the planet is more than 8° above and the Sun 8°

below the horizon :—On the 1st an eclipse reappearance

of the first satellite at 8h. 2m. 8s. p.m. On the 2nd a

transit egress of the second satellite at 6h. 34m. p.m. ; a

transit ingress of its shadow at Oh. 48m. p.m., and a

transit egress of the shadow at 9h. 10m. p.m. On the 4th an
occultation reappearance of the third satellite at 5h. 53m.
P.M. ; its eclipse disappearance at Oh. 23m. Os. p.m., and
its eclipse reappearance at lib. Om. p.m. On the (ith an
occultation disappearance of the first satellite at lib. 59m.
P.M. On the 7th a transit ingress of the first satellite at

9h. 9m. P.M. ; of its shadow at lOh. 20m. p.m. ; a transit

egress of the first satellite at llh. 22m. p.ji. ; an occul-

tation disappearance of the second satellite at llh. 40m.
p.m. On the 8th a transit egress of the shadow of the

first satellite at Oh. 42m. a.m. ; its occultation disappear-

ance at Oh. 27m. p.m., and its eclipse reappearance at

9h. 58m. 2s. p.m. On the 9th a transit ingress of the

second satellite at Oh. 47m. p.m. ; a transit egress of the

shadow of the first satellite at 7h. llm. p.m. ; a transit

egress of the second satellite at 7h. llm. p.m. ; a transit

ingress of its shadow at 9h. 26m. p.m., and its transit

egress at llh. 48m. p.m. On the 11th an eclipse reappear-

ance of the second satellite at Oh. 5m. 9s. p.m. ; an
occultation disappearance of the third satellite at 7h. 51m.
P.M., and its occultation reappearance at Oh. 54m. p.m.

On the 14th a transit ingress of the first satellite at

llh. 4m. P.M. On the 15th an occultation disappearance

of the first satellite at 8h. 23m. p.m., and its ecHpse
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reappearance at llh. 53m. 55s. p.m. On the 16th a transit

ingress of the shadow of the first satellite at 6h. 53m. p.ir.

;

a transit egress of the satellite at 7h. i7m. p.ji. ; a transit

egi-ess of its shadow at 91i. 6m. p.m. ; a transit egress of

the second satellite at llh. 50m. p.m., and a transit mgress

of its shadow five minutes after midnight. On the 17th an
eclipse reappearance of the first satellite at Oh. 22m. 57s.

P.M. On the 18th an occultation reappearance of the

second satellite at 6h. 8m. p..m. ; its eclipse disappearance

at 6h. 25m. 19s. p.m. ; its eclipse reappearance at

8h. 41m. 27s. p.m. ; an occultation disappearance of the

third satellite at llh. 54m. p.m. On the 22ud a transit

ingress of the shadow of the third satellite at 7h. 27m.
P..M. ; its transit egress at 9h. 25m. p.m. ; an occultation

disappearance of the first satellite at lOh. 20m. p.m.

On the 23rd a transit ingress of the first satellite at

7h. 30m. P.M. ; a transit ingress of its shadow at sh. 49m.
P.M. ; a transit egress of the satellite at 9h. 43m. p.m.,

and a transit egress of its shadow at llh. 2m. p.m. On
the 24th an eclipse reappearance of the first satellite at

8h. 18m. 47s. p.m. On the 25th an occultation disappear-

ance of the second satellite at 6h. 22m. p.m. ; its

occultation reappearance at 8h. 47m. p.m. ; its eclipse

disappearance at 9h. Im. 28s. p.ji. and its eclipse

reappearance at llh. 17m. 52s. p.m. On the 27th a

transit egress of the shadow of the second satellite at

(ih. 25m. P.M.

Saturn is an evening star, rising on the 1st at llh. 22m.
P.M., with a southern declination of 7^ 21', and an apparent
equatorial diameter of 17|" (the major axis of the ring

system being40-7" in diameter, and the minor lO-O'). On the

28th he rises at 9h. :Jlm. p.m., with a southern declination

of 7^ 1', and an apparent equatorial diameter of 18:|" (the

major axis of the ring system being 42-5" in diameter, and
the minor 10- 1"). He is almost stationary in a barren
region of Virgo during February.

Neptune is an evening star, setting on the 1st at

3h. 51m. A.M., with a northern declination of 20° 34', and
an apparent diameter of 2-6". On the 28th he sets at

Ih. 57m. A.M., with a northern declination of 20' 35'.

He is almost stationary in Taurus during the month. A
map of the small stars near his path will be found in the
F.itiiUsh Mrchanic for November 29th, 1893.

There are no very well-marked showers of shooting stars

in February.

The Moon is new at 9h. 45m. p.m. on the 5th ; enters

her first quarter at lOh. 43m. a.m. on the 13th ; is full at

2h. 16m. A.M. on the 20th ; and enters her last quarter

at Oh. 28m. p.m. on the 27th. She is in apogee at lOh.

P.M. on the 1st (distance from the earth 252,320 miles)
;

and in perigee at 9h. p.m. on the 17th (distance fi'om the

earth 225,610 miles).

By C. D. LoGooK, B.A.Oxon.

CoMMTmioATioNs for this colmmn should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

Solutions of Problem So. 6.

Author's Key-move—1. Q to Bsq.

Solved also by 1. Kt to B4ch.

Siihitions. of Pvohhiii Xii. 7.

Author's Key-move—1. Q to Kt8.
Solved also by 1. Q to B6ch, and 1. K to Bw.

Here the " Coijuw:," sportively alluded to by the com-
poser, is present with his attendant handmaid.

_
According to the published rules, duals do not score in

either of the above problems.

Solution of Problem No. 8.

heij-morc— 1. Q to B6.

If 1. . . . KxE, 2. Q toQ2ch.
1. . . . B moves, 2. E to K3ch.
1. . . . KtxRorKtB7, 2. BxPch.
1. . . . Kt elsewhere, 2. Q or R mates.

In this problem there is a dual short mate after three
of Black's possible moves. If this dual had scored at all
it would have scored as one dual and not as three. But
it does not score for the following reasons. The published
rule reads—" Marks will be awarded as follows : For
each dual continuation (on the second move), one point."
Now a " continuation " is something hetireru the key and
the mate ; a move made after the key, with a view to a
mate. A mate is the end, and cannot therefore be a
" continuation." If it is urged that the rule quoted
contains the words "dual continuation (on the second
move)," the reply is that the words " on the second move,"
being in parentheses, are merely explanatory of the word
" continuation," which, in a three-move problem, in-

variably occurs on the second move. The reason why
dual short mates, and dual third-move mates, do not score
is that every solver is presumed to be capable of seeing
every possible mate in one move.
We may mention that a well-known expert, to whom

we submitted the case in point, entirely concurs in our
view of the matter.

Correct Solutions received from the following :

—

Eigliteen Points.—Semper, B. G. Laws, Guy.

t'ift.-.'H Points.—Kt. J., F. R. Adeock, W. T. Hurley,
A. C. Challenger.

Twehv Points.—W. J. .Jubb, Rascal, Buttercup, A. R.,
Chat.

Nine Points.—Alpha, Birkenbaum, H. Holmes, J. H.
Christie, E. W. Brook.

Nos 6 ' and
A Norseman.

T. E. En-imj.—The Knight must be lost. If for

instance 23. ... P to QR4, 24. Q to QB2, threatening
mate. Or if 23. ... B to R8, 24. P to B3, threatening
the same continuation if Black defends the Bishop.

G. D. CrowtJirr.—U 1. Kt to K7ch, K moves ; 2. Q to B2,
R X Kt, and there is no mate.

H. S. Bromlrrtli.—ln No. 7, 1. Kt to B6 is nullified by
1. ... B to Q5.

L. Bourne.—In No. 8, 1. B x Pch comes very near.
But have you looked at the reply 1 . . . . Kt x B ?

ir. T. Hurletj.—White must not postpone the mate
even to obtain variety.

Leading Solvers' Scores.

correctly solved by L. Bourne and

Semper
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Position No. 9.

" T.iMicJi sinil uherfitdndene MiiJuu."

Black (11).

H...M...M...M.ggjj^ m

White (U).

White mates in three moves.

Position No. 10.

" XulU SecimduK."

Black (71.

White (8).

White mates in three moves.

CHESS INTELLIGENCE.

A second tournament, closely following on that which

resulted in Mr. Lasker's bloodless victory, was recently

held at the Manhattan Club, New York. The players

this time were all Americans with the exception of Herr

Albin, who came out fourth. Mr. H. N. Pillsbury, of

Boston, whose creditable performance in the previous

tournament was anticipated in this column, took the first

prize, Mr. A. B. Hodges being second, and Mr. J. W.
Showalter third. Mr. E. Dalmar occupied an un-

accustomed position at the bottom of the list of ten

competitors.

The contests among the southern counties are exciting

unusual interest this year. Sussex have defeated a weak
Hampshire team, but lost to Surrey, who have also gained

a decisive victory over Kent. The use of clocks is now
enforced.

A very successful three days' " Chess Festival " was

recently held at Hastings. Messrs. Bird, Blackburne, and
Gunsberg all gave simultaneous performances, Mr. Bird

coming out with slightly the best score. Three consultation

games were also played, each of the three masters men-
tioned being partnered by members of the Hastings club.

In these games Mr. Gunsberg had, perhaps, the best score,

Mr. Bird being hardly in his best form.

Kxaiiijiles of Chess ^Idster-pliii/ (Second Series), by
C. T. Blanshard, M.A., is a well-arranged collection of

seventy-six annotated games played by the masters and
leading amateurs of all countries. English amateurs are

well represented. Each game has a diagram, while the

notes are taken from various sources. Short biographical

notices of the players are appended, ranging in length

from two or three words to eight lines in the case of a
certain " eminent English theorist." The book is pub-
lished at 2s. by Messrs. Simpkin, Marshall & Co.

PriiK'ijiles (if Cliess, by -James ilason (Horace Cox, Fiild

Office). Mr. Mason rivals Mr. Blackburne as a scientific

exponent of the game of chess ; as a scientific expounder
of the game he has probably no equal in this country.
The present handsomely bound volume of nearly 300
pages is published at the extremely low price of 2s. 6d.

It is intended mainly for the learner, but there are few
who cannot learn much from it.

Beginning with a description of the powers of the

various pieces and the principles of playing them, the

author proceeds to give numerous diagrams illustrating

the way to take advantage of early mistakes. This is

followed by a chapter on mates, and a comprehensive
survey of the leading end-game positions. After a pre-

liminary discussion on "attack" and "defence," fifty

diagrammed middle-game combinations are shown ; and
here the author must be thanked for his thoughtfiilness in

placing the winning side, whether White or Black, next

the reader. These combinations are all from modern
match-play, and, though the names of the players are

purposely withheld, many will recognize some of the

positions. The openings, according to Mr. Mason's
logical method, come last in order and perhaps least in

importance. His plan is to illustrate the principal

openings by means of annotated games, whole openings

being sometimes most clearly and concisely explained in

the notes to these games. We are glad to see that the

author has included his own immortal Giuoco Piano with

Winawer (1882).

The whole work is most original and suggestive, and if

Mr. Mason may be considered by some to err in the

direction of too much science, readers of Knowledge
should be the last to find fault with him for this.

Problems are the only department of the game Cto beg the

question) not represented in the book. But Mr. Mason
does not consider that problems are Chess. We almost

omitted to mention the excellent portrait of the author

which adorns the volume.
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THE TENUITY OF THE SUN'S SURROUNDINGS.

By E. Walter Maunder, See. R.A.S., Superintendent vf

the Plii/siciil Department, Eoyal Obaervatory, Greenwich.

IN
trying to frame a satisfactory theory as to the con-

dition of the sun, we meet a two-fold difficulty
; we

have so few facts to go upon, and yet, few as they

are, it is difficult so to keep them before us as to

give them their proper weight.

No fact is better known than that of the great distance

of the sun from us, but how easy it is to forget the

necessary consequence, viz., that the smallest portion of

the sun's surface visible by us as a separate entity, even

as a mathematical point, is yet really a widely extended

area. We habitually use somewhat small apertures to

observe the sun, or we cut down our object glasses by

diaphragms in order to diminish the heat and glare. We
therefore lessen the resolving power of the telescope, and
as we are usually forced to content ourselves with low

powers on account of the unsteadiness of the air during

the daytime, the practical separating power of the

telescope when used on the sun is of a lower order than

it is under the best conditions upon stars. Bearing in

mind, then, that a second of arc on the sun represents four

hundred and fifty-five miles, it follows that an object

one hundred and fifty miles in diameter is about the

minimum visibile even as a mere mathematical point, and
that anything that is sufficiently large to give the slightest

impression of shape and extension of surface must have

an area of at least a quarter of a million square miles

;

ordinarily speaking, we shall not gather much information

about any object that covers less than a million.

Now this fact has an important bearing on some of our

theories. We easily fall into the mistake of supposing

that the most dehcate details which we can see really form

the ultimate structure of the solar surface ; but it is

not possible that they can do so. The finest granule, the

smallest pore, as we see it, is only the integration of a vast

aggregation of details far too delicate for us to detect ;
and

the minute speck of brighter or duller material may, and

probably does, contain within itself a wide range of bril-

liancy, not to speak of varieties of temperature, of pressure,

of motion, and of chemical constitution.

This is the case when we are concerned with areas upon

the solar disc ; it is much more serious when we are

dealing with sections of the sun's atmosphere—if the term
" atmosphere " may be allowed—at and beyond the limb.

The chromosphere, some eight seconds in depth, looks a

narrow enough tire to the solar wheel, but its vertical depth

is three thousand six hundred miles. We think of it as a

homogeneous whole ; but if the chromosphere be actually

—as it appears to be, and as it has generally been regarded

as being—a true solar statical atmosphere, an atmosphere

of heated hydrogen, just as our own atmosphere is one of

cool nitrogen and oxygen, how vast the range of varying

conditions which are summed up to us in the smallest

point that we can perceive of it. We know how in the

case of our own atmosphere the pressure is reduced to one-

half at a height of three and a half miles, to one-fourth

at seven miles, to one-eighth at ten and a half miles, and

so on. But the force of gravity at the surface of the sun

is so much greater than at the surface of the earth, that,

other things being equal, the density would double by a

descent of a single furlong, and five miles would take us

from a level where the density was only one hundred

millionth of an atmosphere to where it exceeded that of

solid platinum. And from the outside of the chromo-

sphere to the level of the photosphere would involve a

range, not seven hundred times as great as this, that is to

say, in the proportion of the range from unity to seven

hundred times a million million, but a range from unity

to a million million to the seven hundredth power !

Of course it is clear that this is not a conceivable state

of things, and the most natural course is to suppose that

the heat of the sun is so great as to counteract the efi'ect

of the pressure of the upper layers of the atmosphere, and

to render the unit of height something very different to

that given above. Thus a temperature of 35,000° C.

would suffice to bring us from a density of one hundred

millionth of an atmosphere at the upper level of the

chromosphere to a density no greater than that of mer-

cury (at 0° C.) at its base.

This difl'erence is, however, far too great a one to be

accepted ; but adopting it for the moment, what I wish to

point out is the cu-cumstance that the thm red circle of

the chromosphere, which appears to us to be so truly

homogeneous except at its upper surface, which seems

to be a mere narrow line, scarcely to be called a band,

would embrace atmospheric densities ranging over the

whole of these tremendous differences. On the outside a

density of only the one hundred millionth of an atmos-

phere ; close to the sun a density equal to that of

mercury. Yet we look at it and think about it as if it

were substantially the same in character throughout.

Further, close to the apparent limb of the sun we get

all these varying densities superimposed. We see the

centre of the solar disc through a depth of three thousand

six hundred miles of chromosphere ; we see the limb



50 KNOWLEDGE [March 1, 1894.

througli a depth of sixty thousand miles. When we pass

beyond the limb we look' through one hundred and twenty

thousand miles of chromosphere, and every minutest point

of light from the chromospheric region just outside the

Hmb is the summation of every variety of density, from the

rarest upper layers to the densest which rest on the

photosphere itself. Indeed, since the chromospheric light

which comes to us from close to the limb comes not only

from the lowest but also fi'om the highest strata, we might

even assume that only the highest stratum had any real

existence. A thin hollow shell, everywhere removed three

thousand six hundred miles from the photosphere, would

still appear to spring from the limb.

This fact, that it is the sum of a great number of super-

posed strata which are represented by a single point at the

sun's limb, has a yet wider appHcation. At the lowest

stratum of the chromosphere we get the region of metallic

vapours, which by their absorption give rise to the Fraun-

hofer lines of the solar spectrum, " the reversing layer,"

as it is commonly called. Above the chromosphere we

get a region yielding faint lines of hydrogen, seen only

during total eclipses. Above this we get the corona,

properly so called, and above the corona we get those vast

filmy extensions which Newcomb was able to trace to

twelve solar diameters from the limb. We look through

all of these whenever we scrutinize the sun's surface, and we

see, not only that surface itself, but the integration of

everything between us and it—reversing layer, chromo-

sphere, prominences, cool hydrogen, corona, and streamers,

and if there be anything beyond them, it too adds its

quota to the general total. Yet, so little do these appear

to be present, so little do they affect the distinctness of

our view, that it requires a very distinct mental effort to

realize, as we look at the chromosphere beyond the limb,

that precisely the same layer lies over every point of the

general disc. We have only to bear in mind the dimming

and distorting effect of our own atmosphere, which, after

all, in its total depth is only equal to five miles of air at

the standard sea-level pressure, to be quite sure that all

these various appendages have very little substance in

them after all, or it would be far more difficult to photo-

graph the solar spots and mottling than it is to map out

the seas and continents of Venus.

Indeed, it is not impossible that the amount of

atmosphere above every square foot of surface of that

planet may be actually greater than over a similar area of

the sun. Glancing down the solar spectrum, we have no

difficulty at all in picking out which are the densest and

blackest groups of lines. Except for the two giants H and

K—which stand, hke Jachin and Boaz, at the gate from

the visible to the invisible spectrum—and the probably

fortuitous crowding of lines at G, the most prominent

groups are those of oxygen, A, B, and a, or, in wet weather,

the aqueous bands. In other words, the bands due to the

influence of our own atmosphere rival or exceed those

proper to the sun.

Just above I suggested, by way of illustration, a density

for the chromosphere at its base equal to that of mercury,

and at its summit of one hundred millionth of an atmos-

phere. Both these are inadmissible. The Fraunhofer

lines of hydrogen are so narrow and sharp—F showing

only a slight fringe—that we are certain they can only be

produced at low pressure. One hundredth of an atmosphere

would probably not be far fi-om the mark, that is to say,

about one millionth the density of mercury. But, on the

other hand, the upper surface of the chromosphere is far

too distinct, definite, and brilliant for so great a rarity as

the hundred millionth of an atmosphere to represent its

condition there. There are, then, only two alternatives

;

the one to assume a far higher temperature for the

chromosphere than 35,000° C.—an assumption quite

inadmissible on our present knowledge, for as we regard

the photosphere as a condensation surface we are unable

to adopt a temperature for it that would render carbon and
silicon permanent gases—the other to adopt Mr. Eanyard's

contention that we have not to do with a statical atmos-

phere in the chromosphere, but with molecules of hydrogen
moving in free paths. We should probably require a

temperature of fully 1-10,000' C. to give us a statical atmos-

phere, the base and surface densities of which would, in

the least, fit in with the observed facts of the case. And
the total amount of gas above every square foot of the

solar surface would only be about five and a half times

that above the same unit on the earth.

Outside the chromosphere we meet with a region of less

brilliant hydrogen some seven minutes in depth. If the idea

of a chromospheric atmosphere must be rejected, much more
must we reject that of a coronal atmosphere. In any case

even two hundred thousand miles depth of hydrogen fails

to produce absorption lines in the solar atmosphere to

surpass those which our own shallow envelope can produce.

^^'e may accept it as certain that the extensions which lie

above this inner corona are much more attenuated, and
that to find an adequate comparison for them we must not

refer to mists or fogs, but to the unsubstantial phenomena
of cometary tails and streamers. To speak, as some have

done, of the corona as if it were an important part of the

sun, and therefore to regard the solar diameter as amount-
ing in reality to so many millions of miles, is about as

absurd as it would be to regard the edge of a Channel fog

as the veritable coast-line of England.
Apart from the failure of the corona to give any sub-

stantial evidence of its existence by selective absorption,

or by any markings which we can distinctly recognize as

coronal when seen projected on the disc of the sun, the

fact of the low density of the sun as a whole is a strong

argument against ascribing any appreciable density to its

surroundings. Its mean density is but one quarter of that

of the earth, even if we suppose that it is entirely com-
prised within the photosphere ; or to put it another

and better way, only about one thousand one hundred
times that of air. If, then, we imagine the corona and
chromosphere to contain any great amount of matter

—

above all, if we imagine a real solar atmosphere extending

some considerable distance above the photosphere—we
lower the mean density of the part of the sun below that

level, and at the same time, by thus setting up an appreci-

able surface pressure, we render it more difficult to under-

stand how it is that, with the enormous solar gravity and
a radius of four hundred and thirty thousand miles, the

mean density does not exceed what we are able very easily

to produce m our terrestrial laboratories.

If the amount of matter above every square foot of the

solar photosphere were equal to that above the same unit

of the earth's surface, then the total mass of the sun's

surroundings would bear one twenty-seventh of the

ratio to the mass of the sun that our atmosphere

does to the earth. Probably this is under the mark, but

on the other hand, we can scarcely suppose there is

twenty-seven times the amount of matter to the unit of

surface, as this would render the reversing layer and the

chromosphere far denser than we can imagine. On the

whole, then, the entire system of the sun's appendages,

chromosphere, prominences, corona, and streamers, prob-

ably do not form so important a part of the sun, so

far as their total mass is concerned, as our atmosphere

does of our own world; whilst they are, relatively, dis-

tributed over a much greater extent of space.
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THE MAILED MONSTERS OF ARGENTINA.

By R. Lydekker, B.A.Cantab.

AMONG all the extinct mammals of the Argentine,

none strike the beholder with more astonishment
than those gigantic cousins of the modem arma-
dillos of South America, collectively known as

glyptodonts ; their name being derived from the

peculiar sculpture with which the grinding surfaces

of their molar teeth are ornamented. In a previous

article, entitled " Armadillos and Aard-Varks," we
have already considered the leading characters of the

great or der of edentate mammals, of which the whole
of the typical representatives are characteristic of
South America, although a few of the extinct species

however, the armadillos (exclusive of the aberrant
piehiciago, described in the article referred to) have a
larger or smaller portion of the middle region of the
carapace formed of movable transverse bands of plates, in
the glyptodonts the whole structure is welded into a single
piece. It must not, however, be supposed that this carapace
consists of a single solid dome of bone, as, if it did, there
would, of course, be no possibility of growth. On the
contrary, the carapace, as shown in the beautiful figure
taken from a photograph of the external skeleton of the
largest member of the group preserved in the museum at
La Plata, is composed of a number of polygonal or
rhomboidal plates articulating together at their edges, and
thus allowing of free growtli. In very old individuals a
considerable number of these plates may, however, become
completely fused together. During life these bony plates

Fig. 1.—Internal Skeleton of the Smooth-tailed Glyptodont.

wandered into North America during the Pleistocene
period. We have likewise pointed out how the armadillos
and their allies differ from the other members of the order,

and have likewise made some mention of the glyptodonts
themselves. There are, however, such great differences

between the various kinds of glyptodonts, which are sub-
divided into several genera, that the group will well repay
special investigation

; and, indeed, no adequate conception
of the extinct fauna of the " Land of Skeletons " could be
given without devoting a separate article to these most
curious animals.

As we have already pointed out elsewhere, both arma-
dillos and glyptodonts differ from the other members of the
order to which they belong in having their bodies protected
by a bony shell or carapace, covering all but the under
parts ; the top of the head being covered by a similar bony
shield, while the tail is encased in a series of bony rings, or
in rings at the base and a long tube at the tip. Whereas,

were covered with small horny shields, as in the living

armadillos ; and they frequently show incised lines formed
by the lines of union between such shields. For instance,
in the members of the typical genus of the group, or ring-

tailed glyptodonts, each bony plate was smooth and
polygonal in shape, while the lines indicating the borders
of the horny shields take the form of a rosette. Another
important point of difference from the armadillos is to be
found in the contour of the skull, which is short, deep,
and rounded, instead of being long, flattened, and pointed
at the muzzle. Then again, whereas the armadillos have
small cylindrical teeth, those of the glyptodonts are large,

and fluted at the sides, with their grinding surfaces marked
by the aforesaid sculpture ; while the whole series is in

close contact, and forms one of the most efficient grinding
machines imaginable. To support the enormous weight
of the carapace, which in some of the larger kinds is

considerably more than an inch in thickness, special
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modifications are needed in the internal skeleton. Here

we find, for instance, as shown in the foregoing figure,

that nearl.y the whole of the vertebrse are welded together,

sD that a large portion of the back-bone forms a continuous

solid tube. The vertebrae of the neck are also very short,

and may be partially united, so that the movements of the

head must have been somewhat limited. The reader will

not fail to notice also the great strength and upright

position of the haunch-bones, and the powerful build of

the legs and feet ; the latter terminating in five toes,

armed with broad flattened nails. As an illustration of

the various modifications of the same general plan of

structure in use in the animal kingdom, it may be well to

point out how essentially the arrangement of the armour
of a glyptodont differs from that of an ordinary tortoise or

turtle. In the latter the carapace is completely welded to

the ribs, which are situated externally to the haunch and
shoulder bones ; whereas in a glyptodont there is no sort of

connection between the carapace and the ribs, while the

latter are internal to the haunch and shoulder bones. In

these respects the leathery turtle holds a somewhat inter-

mediate position between ordinary turtles and the glypto-

donts, the carapace being composed of polygonal plates

totally unconnected with the ribs, while the latter are

situated externally to the bones of the shoulder and
haunch.

Not less remarkable are the modifications of the

vertebrie of the tail for the support of the rings or tube

with which the latter is encased. In the first place, most
of the vertebras of this region are welded together so as to

form a hollow tapering rod ; while from each segment are

given off radiating processes upon which the bony plates

are borne, and as the whole of the latter are firmly welded

together, the entire structure is of great strength.

When standing with the edges of its impenetrable

carapace resting on the ground, its mail-crowned head
partially withdrawn within the front aperture of its shell,

and only the lower portions of the limbs exposed, a glypto-

dont must have been safe from all foes save savage man,
and even he must have had a tough job to slaughter the

monster, if indeed he ever succeeded in doing so. That
man did exist with the later glyptodonts, or those which
flourished during the deposition of the Pampean mud, is,

however, proved by more than one kind of evidence. For

instance, crude drawings of these animals have been found

incised on some of the rock-surfaces of Patagonia, while

in other cases human implements have been disinterred

side by side with the bones and shells. Probably the

empty carapaces of the larger members of the group were

employed by the primitive inhabitants of Argentina as

huts, and it is said that they are sometimes even so used

at the present day by the Indians. That these animals

were not killed off by any li\ing foe—either human or

otherwise—may be taken for granted ; and we must
therefore conclude that this result was probably due to

the unknown causes alluded to in the first of this series

of articles as having brought about the extermination of

the larger Argentine mammals. It may be well to men-
tion that although some of the living armadillos are

carnivorous, it is perfectly evident from the structure of

their teeth that all the glyptodonts subsisted exclusively on
a vegetable diet.

The earliest known representatives of the group occur in

the older Tertiary beds of Patagonia, and may be designated

pigmy glyptodonts, although they have received the

uncouth name of Propalchoplojihanis. These creatures,

which lived side by side with armadillos nearly akin to

existing forms, were the dwarfs of their race, the carapace

not being more than a couple of ftet in length. The plates

of the carapace were smooth and ornamented with a

rosette -like sculpture, of which the central ring in the fore

part of the shell was raised into a prominent boss. In the

form of these plates, as well as in the circumstance that

the tail was surrounded from base to tip with a series of

knobbed rings, these pigmy glyptodonts resembled the

ring-tailed glyptodonts of the pampas, of which they

may accordingly be regarded as the ancestral type.

In the intermediate deposits of Monte Hermoso we meet
with other glyptodonts which, while much larger than
those of the Patagonian beds, were generally inferior in

this respect to the giants of the Pampean ; some of the

species being nearly allied to the small Patagonian repre-

sentatives of the group, while others belong to the same
genera as those found in the pampas.

Passing on to a survey of the leading types of these

creatures found in the alluvial mud of the pampas, where
they occur in great numbers, we may first notice the one

to which the name of glyptodont was originally applied.

The carapace in this form is characterized by the polygonal

plates being nearly smooth and marked by a rosette of

incised lines, while those along the margin are raised into a

series of bold knobs. In general contour the whole cara-

pace forms a nearly regular oval dome, while the plates on

the back of the head were knobbed and ridged. Although
in the specimen first sent to England the tail of another

species was unfortunately afiixed to the carapace, it is now
known that the armour of the tail took the form of a

number of rings, gradually diminishing in diameter fi-om

the root to the tip, and severally ornamented with a series

of conical knobs, thus forming a protective case against

which little short of a steam hammer would have been of

any avail.

Although one might have thought that these ring-tailed

glyptodonts, as they may be conveniently termed, were
sufficiently large and hiunrc to have stood alone in the

world, they were exceeded both in size and strangeness of

form by the extraordinary creature of which the external

skeleton is represented in the accompanying plate. In this

stupendous monster, which measured upwards of eleven

feet eight inches in a straight line, the carapace is

characterized by its peculiar hump-backed form, while its

margins lack the prominent knobs characterizing those of

the preceding group. On closer examination it will be

found that each of the component plates of the carapace,

instead of being polygonal and marked by a rosette of

lines, is rhomboidal and pierced by from two to five large

circular holes. From the analogy of the living hairy

armadillo—known in Argentina by the name of peludo, or

hairy animal—it is quite evident that during life the holes

in the plates of the carapace of the extinct monster,
which, by the way, may be known as the " club-tailed

glyptodont," or technically as Ikniiciirus, must have
formed the exits of large bristles, which were equal in

diameter to a cock's quill, and were doubtless many inches

in length. The whole body of the animal must, therefore,

have resembled a gigantic porcupine. Still more extra-

ordinary is the conformation of the huge tail, which had a

length of about five feet. At its base this appendage
was encircled by about half a dozen double bony rings,

nearly as large at the base as the iron hoops in the middle
of an ordinary beer-barrel ; their component plates being
pierced by the aforesaid holes for bristles. The whole of

the terminal half of the tail is formed by one continuous
piece of hollow bone, which, if we exclude whales, is one
of the most massive bony structures in the animal kingdom,
and is almost as much as a man can lift. Starting at its

base in the form of a nearly cylindrical tube, this sheath
rapidly expands at the sides and becomes flattened on
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the upper and lower surfaces, until at the tip it finally

assumes the form of a depressed flattened club, which

would have formed a most eflicient weapon for a giant.

Along the sides of its extremity this club is marl^ed by a

number of oval depressed discs, showing a sculptured

pattern of ridges and grooves radiating from the centre,

and some of them attaining a length of six or seven

inches. From the structure of their sculpture it is quite

evident that during life these discs must have formed the

bases of huge horns projecting at right angles to the tail,

which must thus have formed a veritable cliffuux-tlt'-frise.

If, as is quite probable, these horns were as long as those

of the common African rhinoceros, the tail of the

dsedicurus must have presented a most extraordinary

appearance as it dragged on the ground behind its owner

(for it is impossible to believe that any muscles could have

raised such a stupendous structure). The use of these

horny appendages is, however, hard indeed to di\ine, since

the creature was amply protected by the underlying bone
;

and it is therefore probable that they must come under

the category of ornamental appendages. Be this as it

may, with its bristle-clad body and horned tail, the club-

tailed glyptodont may well lay claim to the right of being

the most extraordinary-looking creature that ever walked

this earth during the whole duration of the Tertiary period.

Another species belonging to the same genus, of which the

remains are found in the Tertiary beds of Monte Hermoso,
is remarkable for possessing a cone-shaped aperture in the

middle of the hinder part of the carapace, of which the

only conceivable use is that it acted as the point of dis-

charge of a gland.

Nearly equal in size to the Pampean representative of

the preceding genus, but distinguished markedly by the

characters of the skull and the more regularly dome-like

form of the carapace, is another monster from the pampas
which has been described uuder the name of Panochthm.

Although the plates of the carapace have the same oblong

form as in the club-tailed glyptodont, they lack any per-

forations for bristles, and are marked by a number of

patches of minute tubercles, so that this species may be

spoken of as the tuberculated glyptodont. Doubtless the

carapace was covered during life by thin horny shields,

although the marks of these are not generally shown on

the bone ; and fi-om the absence of bristles the creature

must have been as smooth as the small existing mulita, or

three-banded armadillo. The tail was much smaller than

that of the club-tailed species, consisting at the base of a

number of relatively small rings, and terminating in a

tube of about a yard in length. This tube lacks, however,

the terminal expansion and flattening of that of the

preceding form, while the large discs with which it is

Fig. 3.—Terminal tube of the tail of the Smooth-tailed

Grhptodont.

ornamented take the form of prominent rough bosses,

which probably carried flattened horny knobs, instead of

spines, during life.

The last representatives of the group to which we shall

allude are much smaller species from the deposits of

Monte Hermoso and the pampas, which may be known as

the smooth-tailed glyptodonts, or technically, Hoplophonis.

In these creatures the carapace was much more elongated

and depressed than in the other kuids, while it projected

forward on the sides of the shoulders in a manner some-
what like that of the armadillos. The plates of the

carapace show a rosette pattern, not unlike that of the

ring-tailed glyptodonts, but they are still smoother, and
of an irregular oblong shape. As regards the tail, this

consisted at the base of a number of smooth rings, fitting

into one another at their junctions like the joints of a

telescope ; while at the end it terminated in a slightly

flattened tube ornamented with a number of small, smooth,
oval discs of about an inch in diameter, interspersed with
which were arranged a few much larger but equally smooth
and prominent discs along the sides. These discs of all

dimensions were evidently coated with smooth scales of

horn during life ; and from the absence of apertures for

bristles, the same smoothness doubtless characterized the

carapace. The head was protected by a smooth shield of

small tesselated plates ; and the skull, as shown in our

figure of the skeleton (Fig. 1), is characterized by the

peculiar twisting and curvature of the bones of the nose.

Such are the chief characteristics of the better known
representatives of the mailed monsters of Argentina—

a

group which was continued in a straight line from the

pigmy glyptodont of Patagonia to the ring-tailed species

of the pampas, while all the other giant forms of the latter

must be regarded as lateral oifshoots from the original

stock, which continued, as is so often the case, to develop

more and more bizarre characters until the date of their

final disappearance. In conclusion, we must not omit to

mention that a strange gigantic armoured creature, foimd
commonly in the cavern deposits of Brazil, and also rarely

met with in Argentina, seems to have been a kind of

connecting link between the glyptodonts and the armadillos,

having the carapace formed of a number of movable plates,

arranged in a series of overlapping bands as in the latter,

but with teeth of the type of the former. Unfortunately,

however, this interesting creature, which must have been
as big as a large rhinoceros, is known by such fragmentary
remains that its full affinities cannot yet be determined,

as we are still ignorant whether its skull approximated
to the glyptodont or the armadillo type.

STINGING INSECTS
By E. A. BuTLEB.

II,

{Continued from page 43.)

AT
the close of our last paper we dealt briefly with
the aculeate Hymenoptera, the sole representa-

tives of the first of the four groups into which we
divided " stinging " insects, for no others possess

the true vengeful sting ; we may now further

consider the same group. In connection with what was
said of the inability of bees to withdraw their stings when
they have pierced such a yielding substance as soft leather

or india-rubber, a correspondent has pointed out that the

same disability rests upon wasps, but that these diS'er

from bees, so far as his experience goes, in lacking the

power to tear themselves away as a bee would do, leaving

the sting behind. In fact, the wasp that has ventured to

employ its sting in this way is completely trapped, and the

writer states that he found the only way to liberate a

prisoner so detained was to cut off its sting.

The accompanying plates, which represent the stmgs of

the hornet and honey bee, are from photographs taken by
Mr. T. E. Freshwater, and lent by Messrs. Newton and
Co., of Fleet Street, The original photographs were
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obtained from microscopic slides, and therefore represent

the objects crushed flat so as to secure suitable transparency
for microscopic examination. In consequence of this crush-

ing, the lancets in the hornet's sting have escaped from
the grooved dart within which they are ordinarily con-

cealed. But there is an advantage in this, for the

backward-bent barbs at their tips have thus become very

distinctly visible, and make it easy to understand the
difficulty of withdrawing the sting from the wound. The
two hair-beset feelers would, under natural circumstances,

lie by the sides of the dart, where they serve the
purpose of investigators of the surface on which the
puncture is to be made. In this figure only the

external part of the sting is shown, and this can be
plunged into the wound as far as the point where
the diameter of the dart suddenly increases. In the
bee's sting, which may be compared with the figure

of a wasp's sting in our last number, the lancets have
retained their natural position, but their outline can be
traced within the hollow dart ; their long, slender ends can
then be followed through the pouch-like thickening at the

base of the dart until they curve round at the toj) and
communicate with the levers, which appear as dark bars

to the right of the pouch. The muscles by which this

complicated mechanism is worked have been dissolved

away so as to render the framework more distinct. From
the head of the pouch-like enlargement, the delicate mem-
branous tube which conveys the poison to the sting can be
traced between the lancets and the levers. It leads into

the poison bag, the whole of which is present and appears
as a rounded body at the upper part on the right. The
secreting tubes, which elaborate the poison and supply it to

this receptacle, have been removed, as have also the feelers.

When net in use, the whole of the apparatus shown in both
these figures is withdrawn into a cavity between the ter-

minal plates of the body, and nothing of it can be seen
from the outside.

There is no doubt that a good deal of difference exists

as to the readiness with which the different kinds of bees
and wasps will resort to the use of the sting. Amongst
the humble bees it has been noticed that the subterranean
builders are far more irascible than those that construct
nests above ground, and the most fiery-tempered of them
all IS the great red-tailed species {Bowhus Inpidarius), the

big females of which will inflict a severe sting upon any-
one who incautiously interferes with their quarters. Even
amongst the same species, the readiness to bring the

weapon into requisition varies with the temperature and
other climatic circumstances, as well as with the nervous
condition of the insect. That the creatures have " moods,"
and that these affect their pugnacity, is well shown in the
record Sir John Lubbock has given of the adventures of a
tame wasp he kept for nine months. It was not a true
Vesjia, nor indeed an English species at all, but a kind
called Polisti's (jaUira, which Sir John had obtained in the

Pyrenees. He says :
" I had no difficulty in inducing her

to feed on my hand, but at first she was shy and nervous.
She kept her sting in constant readiness ; and once or

twice in the train, when the railway officials came for

tickets, and I was compelled to hurry her back into her
bottle, she stung me slightly— I think, however, entirely

from fright. Gradually she became quite used to me, and
when I took her on my hand apparently expected to be
fed. She even allowed me to stroke her without any
appearance of fear, and for some months I never saw her
sting." It is pathetic that the good mutual understanding
thus established could not be prolonged into another
season ; but notwithstanding the greatest cai-e taken on
the human side, the rigours of the English winter proved

too much for the constitution of the creature that had been
born under sunnier skies. Paralysis set in, and soon the

last record had to be penned, that " she could but move
her tail, a last token, as I could almost fancy, of gratitude

and afl'ection."

The aculeate Hymenoptera might be roughly divided

into three sections, according to the nature of the food

;

first, tliose that are purely vegetarian in diet, viz., the

bees ; second, those that are omnivoi-ous, viz., the ants

and social wasps ; and third, those that are distinctly

cai'nivorous, viz., the solitary wasps and fossores. It has
already been pointed out that this last group are excellent

hunters, whose armoury consists of jaws and sting. Some
of them manifest remarkable patience and skill in the

search for provisions wherewith to anticipate the wants of

their expected brood ; in fact, it has been suggested that

there may be distinguished amongst them species that, by
long use, have brought their predatory practices to such

a pitch of perfection that the pursuit and conquest of

then* prey has almost assumed the characteristics of a fine

art, while others are still comparative bunglers at the

work. A numerous section of this group consists of very

active insects with an abdomen which is usually red,

while the rest of the body is black ; they hunt down
spiders, which in some cases are considerably larger and
heavier than their captors. M. Ferton has recorded in

the Transactions of the lAnnaan Societi/ of Bordeaux a

number of observations which he has made upon the

habits of these insects, the Pampilidce, and we give below

some of the most interesting cases. It should be remem-
bered that spiders also have a supply of poison, which is

poured out through their jaws, so that in all contests

between them and the PonipiUdce the advantage is not all

on one side, but there are risks to be encountered by both

parties. Nevertheless, the fly, although often the smaller

of the two, is usually the braver.

Some of these Powjiilida go boldly into the lairs of

those spiders that construct such abodes, instead of

waiting for a chance passer by, or hunting in the open.

In such cases the spider seems usually to recognize that it

has met with its match, and endeavours to escape as

quickly as possible. M. Ferton relates of one species,

which hunts a kind of spider that lives in a burrow closed

by a stone, that the fly removes the stone, boldly enters

the burrow, and slays the spider, afterwards dragging out

its carcase and conveying it to its own nest. In another

instance a Pompilid was seen digging vigorously at an
isolated tuft of grass ; suddenly it ceased its exertions and
a spider was seen crawling cautiously up one of the grass

stalks, and trying to escape by jumping from one to the

other. Immediately the wasp was after it, prudently

keeping, however, at arm's length, till at last the spider,

having reached the edge of the grass-tuft, and apparently

recognizing that it would stand no chance on the open
ground with its pursuer close behind it, gave itself up for

lost, threw itself to the ground, packed its legs up close to

the body, shamming death, and awaited its fate. The wasp
darted down upon it and gave it a couple of stings in the

most vulnerable part, and all was over. Sometimes the

sting was not sufficient to kill the prey, and then the legs

of the spider were often bitten off by the wasp, lest there

should be undesirable struggles on the way home.
M. Ferton sometimes rescued the spider after it had been
stung, and endeavoured, in some cases successfully, to

resuscitate it. In one instance the spider was at first

quite motionless, but after two hours it began to show
signs of life, and, gradually regaining its powers, was by
the next day fully recovered. It was noticed that an

endeavour was always made to inflict the sting in the
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Melliuns arvensis.

Magnified three diameters.

centre of the under side of the prey. There is a good
anatomical reason for this ; in this position is placed the

central mass of the nervous system, and a sting so

directed as to pierce that important apparatus woiild no
doubt at once produce paralysis, while similar wounds
inflicted elsewhere would be followed by less serious

results.

These are certainly marvellous facts, and indicate an
amazing degree of sagacity on the part of the insect.

But this is just the characteristic for which the aculeate

Hymenoptera, as a body, are, above all insects, celebrated
;

indeed, it is in this group that insect intelligence reaches

its highest grade of development. Numerous instances

of similar skill and pei'severance have been recorded by
English observers, and especially by Mr. F. Smith, one of

our earlier historians of these insects. Amongst other

records may be noted
some curious facts which
he gives about one of our
commonest fossores, Mel-

Ihius arvensis, a shining

black-bodied insect with
yellow bands (Fig. 4),

which provisions its nest

with various kinds of

Diptera. He says :
" It

is amusing to see four

or five females lie in wait
upon a patch ofcow-dung,
until some luckless fly

settles on it ; when this happens, a cunning and gradual
approach is made. A sudden attempt would not succeed,

the fly is the insect of quicker flight ; therefore, a degree of

artifice is necessary. This is managed by running past

the victim slowly, and apparently in an unconcerned
manner, until the poor fly is caught unawares and carried

oft" by the Melliints to its burrow." A similar device is

adopted by prettily variegated, but small, species belonging

to the genus Od-i/belus. When the first fly has been
deposited, an egg is laid ; the necessary number of victims

are then soon secured, and the mother's task is complete.

But the matter is not always so simple ; there is the
instability of the English climate to be reckoned with, and
this may upset the calculations and multiply the anxieties

of even these lowly creatures ; for, as Mr. Smith adds,
" sometimes she is interrupted by rainy weather, and it

is some days ere she can store up the quantity required."

A larva which was found feeding became full-fed in ten

days ; in that time it devoured the softer parts of six flies

— the heads, the harder parts of the bodies, and the legs

being the parts left untouched.
The same indefatigable observer, who spent many years

of his life m gaining a knowledge of the habits of the

aculeate Hymenoptera, records of a certain colony of a

jet black fossor (Tnjpoxylmi Hi/uIhs) which preys upon
spiders, that they had very sensibly constructed their

burrows in a bank of light earth just under a hawthorn
hedge which was tenanted by large numbers of small
spiders ; the hunters had therefoi'e only to rush out of

doors and flit up into the hedge in order to accomplish
the task of provisioning with the least possible expenditure
of time and energy. When the prey is small and gregarious,

it will be captured in a wholesale manner ; thus Mr. Smitli

states of another black species [Pemphredon liujubris), that

he has seen the female " settle on a rose-tree, and scraping
a number of aphides into a ball, fly oft" with it, carrying it

in front of its anterior legs and under its head." One of

our largest and most local species {I'ldlanthus tnamjtdum),
a black and yellow insect, actually preys upon bees, using

i"ia. 5.—Tubular entrance to

nest of Odt/nerus,

whatever kinds happen to be most abundant in the neigh-
bourhood of its nest, but showing a preference for the hive
bee. It is a bold-looking creature, but very slow to use
its sting upon human kind, although it has no difficulty

in overpowering the bees that constitute its prey. These
it catches by lying in wait amongst the flowers they
frequent, and pouncing on them as they are intent on
gathering honey. Seizing the bee with its jaws between
head and thorax, it at once inflicts a sting in the abdomen
and thus renders its victim powerless

; then grasping it

tight with jaws and legs, it flies off with its burden to its

nest.

One of the most curious of the solitary wasps is that
called Eumenes conrctata. Like the rest of its tribe, it is

black, with yellow bands, but it may be at once distin-

guished by the long, thin stalk that attaches the strongly
pear-shaped abdomen to the thorax. This curious insect
constructs little globular cells of mud on the stalks of
heath plants. Each cell is the residence of one larva only,
and is provisioned with small caterpillars. Others of the
solitary wasps, belonging to the genus Odynerus, burrow
into banks, and arrange at the entrance of the burrow a
sort of cylindrical vestibule, made
of fragments of the surrounding

soil ; it thus appears as a tube

projecting from the mouth of the

burrow, and curving downwards
(Fig. 5). If the burrow be traced

to its end, cells will be reached,

which, when opened, display

piles of half-dead caterpillars

stored up for the young. Mr. T. R. Billups once foimd a

colony of one of these insects at Chertsey, the entrance

tubes of which were about an inch and a half long. On
opening one of the cells he found a truly bountiful pro-

vision, testifying to great industry on the part of the

collector ; as many as thirty-three small caterpillars of

moths, and four of saw-flies, all reduced to a semi-animate

condition by the stings they had received, composed the

lavish stock of this little larder.

Notwithstanding their stings, the fossorial Hymenoptera
and solitary wasps have to suffer much at the hands of

parasites ; ichneumon flies, golden wasps, and a set of

dipterous flies {Tachinidm) , shaped rather like blue-bottles,

make more or less havoc amongst their larvse. Mr.

•J. E. Fletcher records having found in a damaged willow

tree a pile of small cocoons crowded together in a small

space. From a portion of this pile which he took home
he bred twenty-seven examples of a black fossor [Crabm

leucostoma), together with an ichneumon fly and a dipterous

fly belonging to the above family. As the cells of the

Crahro had been provisioned with small and delicate long-

legged flies, of a family quite distinct from that of the

parasites, the relics of four dift'erent kinds of insects had

thus become associated in one spot, thereby affording to

anyone who might find the collection after the insects

had deserted it, an interesting zoological puzzle to deter-

mine the mutual relations of the dift'erent members of the

company. Such associations of heterogeneous remains are

sometimes brought about by the practice that some of

these insects adopt of taking possession of the abandoned

burrows of other insects, instead of putting themselves to

the trouble of excavating their own. Thus Mr. Douglas

records having found examples of the above-named

Trypoxylon in the burrows of one of the bark-boring

beetles we recently described. Spiders had been stored in

the burrows as food, and one of the golden wasps was also

present asapai-asite upon the Trypoxylon. But in addition

to these, another species of Trypoxylon had also made its
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home there, as well as a Uttle solitary bee ; so that in this
one spot there were eddences, in one way or other, of the
presence of no less than half a dozen different sorts of
creatures, an association in large degree accidental, but
still full of perplexing complications to anyone who was
not familiar with the habits of the different itiiembers.

It is not always abandoned burrows that are thus
appropriated by indolent excavators ; sometimes burrows
that have just been made by one species will be captured
by another, though it usually requires some diligence and
perseverance, as well as courage, to retain possession of a
site thus surreptitiously gained. For example, a Trypo.n/lon
was found frequenting the holes in a post which had been
pre-occupied by one of the solitary wasps of the genus
Odynerus. The little black invader had begun to lay in a
stock of provisions in the shape of a small round ball
containing about fifty aphides. The legitimate proprietor
of the buiTow. on her return, seized the pellet, and, flving
out with it held between her legs, dropped it about a "fool
away from the entrance. The Tnjpo.vjihm again picked up
her luggage and replaced it, but on the return of the wasp
it was again turned out, and this continued several times,
till, the wasp being absent longer than usual, the Tn/po.ri/hm
had time not only to replace the obnoxious parcel, but also
to cement up the entrance of the burrow. The Och/nrnis
was thus checkmated, for though she repeatedly returned
to the spot, she made no attempt to force an entrance
through the barricade, but finally departed in search of
more peaceful quarters.

We must now pass to the second of our groups of
stingers, which comprises such other hvmenopterous
insects as are able to prick the skin, but not to make a
painful wound, since no poison accompanies the puncture,
and the effects are of the most transient description.
I nder this head come only certain members of the great
group of ichneumon flies, and we may therefore dismiss
them with but a brief notice. As before, it is only the
females that possess the boring implement. Its structure
is, in general plan, similar to that of the sting of bees and
wasps, but there is no poison gland. There are two side
pieces which act as a sheath, and a central barbed borer.
The purpose of the instrument is, in general, to pierce the
bodies of insects so that eggs may be inserted beneath the
skui, for the ichneumon flies are, in their early stages,
internal parasites, and their larvre, which are fat "maggots,
devour the contents of the bodies of their hosts, in such a
way, however, that no vital parts are touched till there
ceases to be any necessity to prolong the life of the doomed
victim.

The boring weapon is usually more or less visible outside
the body, and is sometimes extremely long. A very Ion"
ovipositor usually implies that the host lives in rather
inaccessible places, which the ichneumon itself cannot
reach, as is the case, for example, with those insects that
mhabit tunnels which they have excavated in the trunks of
trees. In such cases the ovipositor can be passed in at
openmgs which are too small to admit the bodv of the
ichneumon itself, or it may even make an entrance for
Itself by being worked through the wood. The prey can
thus be reached, and the eggs deposited in the proper
situation. Even in English species this boring and e"g-
laying machine may be much longer than the body; one
13 now before me in which the body is half an inch long,
while the ovipositor extends for nearly an inch beyond
this. But from Japan comes the record of a species of "Bra-
conidK which has the body three-quarters of an inch long,
while the boring weapon attams the extraordinary length
of SIX and three-quarter inches ! The ichneumons with
long ovipositors arc not the ones to use them on human

kind
; the instrument is too flexible and too blunt to be

used with any effect on the human skin. But some of the
larger kinds that have very short ovipositors can give a
sharp prick, which causes one to drop them immediately
under the impression that a real sting has been received".

However, the sensation is only momentary, and no lasting

effect is produced.

(To be continued.)

THE SACRED WATER OF MECCA.
By C. A. Mitchell, B.A.Oxon.

THEOUGH the kindness of Lady Burton, I have
been enabled to make an analysis of some of the
water which the late Sir Richard Burton,
disguised as a pilgrim dervish, brought back from
Mecca in 1853.

The Zem-Zem Well, according to tradition, is the Well
of Hagar, and is used for no other purpose than drinking
and religious ablution. Each pilgrim to Mecca is anxious
to drink and bathe in the water, but as there is not
sufficient for all, the following device is adopted :—One
Arab, standing on the wall of the well, draws the water up
and pours it over the pilgrims as, stripped to the waist,

they advance in turn. As it pours over him each drinks
what he can, and the remainder runs down, soaking
through the loin-cloth, back into the well, to be used again
on succeeding pilgrims. If this practice has been continued
day after day and year after year, it is not surprising to

find that the water is very rich in chlorides, and that it con-
tains a large quantity of solid matter in solution.

Sir Eichard Burton described the water as extremely
nauseous in its taste, and resembling a strong dose of
Epsom salts. This observation is borne out by the
analysis, which shows that magnesium sulphate (Epsom
salts) is an important constituent. Its use is said to

produce boils and other unpleasant results, and should the
well happen to become infected with cholera germs, a
far-reaching epidemic is the probable result. Large
quantities of the water are exported from Mecca to other
Mahommedan countries, and those who drink it are
believed to acquire the facility of speedily learning Arabic.

The sample analyzed was contained in two small tin

bottles which were hermetically sealed, and which had
remained untouched since they were brought from Mecca.
Together they contained about half a pint of the water.

On opening them there was a slight evolution of gas, and
the water within was found to contain a quantity of beau-
tiful silky crystals in suspension, and a few earthy particles

settled at the bottom. On examination these minute crystals

proved to be a comjjound of tin, which had been formed
by the long-continued action of the water on the interior

of the tin bottles. These foreign matters being filtered off,

there was left a clear colourless liquid with a slight smell,

which was more perceptible on warming. No trace of tin

could be found dissolved in the water.

In judging as to the fitness of a water for ordinary use,

the chief points to be determined are the amount of

solid matter left on evaporating a certain definite quantity,

the amount of chlorine present in solution, the liardness,

and the amount of free ammonia and ammonia in com-
bination with animal or vegetable matter (i.e., albuminoid
ammonia).
As a general rule, waters which contain less than

forty grains per gallon of sohd matter in solution are not

condemned if the other points are satisfactory. The
method of determining this solid residue is to evaporate a

definite quantity of the water in a platinum dish, and to
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weigh the residue, from which result the amount per

gallon is calculated. The amount of solid residue left on

thus evaporating some of the Zem-Zem water corre-

sponded to two hundred and nineteen grains per gallon

—

a quantity characteristic of a strongly saline water.

Since chlorine (in combination with sodium as common
salt) is one of the substances given off from the skin, its

presence in water in any large quantity is an indication of

probable sewage contamination. Should a water be found

to contain as much as nine grains of chlorine per gallon,

it would be looked upon with strong suspicion, although,

if the well or spring from which it was taken should

happen to be situated near a salt bed, the chlorine

might be derived from that source. The amount found in

the Zem-Zem water, viz., sixty-nine grains per gallon,

whether derived from the soil or, as is highly probable,

from the skins of the Arab pilgrims, condemned it

absolutely.

The hardness was determined by a method devised by
the late Dr. Clarke, and known as " Clarke's soap test."

It consists in adding a solution of pure soap, of which the

strength is known, to the water, until a permanent lather

is produced. Each successive portion of soap solution

added corresponds to a definite quantity of carbonate of

lime, or its equivalent of other salts, dissolved in the

water. As no lather can be produced until the soap has

neutralized the whole of the lime or magnesia in the

water, we can estimate very rapidly the hardness hi this

way. This is usually expressed in degrees, each of which
corresponds to one grain of carbonate of lime per gallon.

Thus, to say a water has fifteen degrees of hardness means
that it contains constituents which produce the same
degree of hardness that fifteen grains of carbonate of lime

per gallon would do. The Zem-Zem water had forty-

three degrees of hardness—about three times that of an
average water.

The quantity of albuminoid ammonia is one of the most
important data in estimating a water. A good water should

not contain as much as -1 part of ammonia in a million

of water. The quantity of albuminoid ammonia in the

Zem-Zem water, viz., 2-2 parts in a million, was character-

istic of sewage effluent, and confirmed the conclusion

already arrived at from the estimation of the chlorine.

Prof. Crookshank was kind enough to make an exhaus-

tive bacteriological examination of some of the water, but

was unable to find any trace of living organisms. The
water was sterile, as might well be expected after its

having been hermetically sealed and in total darkness

during forty years.

The foliowmg were the quantities of some of the principal

constituents of the water :—

•
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Mr. Laws remarks, to become contaminated in every

possible way. One important peculiarity of this sewer is

that no lateral sewers or house drains enter it from one
end to the other, and that it is freely ventilated to the air

of the park. In length it is about three hundred yards
;

it is barrel-shaped, about eleven feet high and nine feet

wide, and is ventilated by open gratings in the crown of

the sewer. These open gratings could be closed for the

purposes of experiment, and sewage matter could be

poured through them at various distances from the

experimenter, so as to imitate as nearly as possible the

splashing and disturbing effect of matter entering a sewer
fi-om a house at a known distance. A wooden staging was
erected across the sewer, near to one of the entrances, from
which the experiments were made.

Mr. Laws adopted the following process for determining

the number of micro-organisms in the air. A known
quantity of air was aspirated through a sterile tube, con-

taining two sterile plugs composed of powdered sugar and
glass wool. These plugs, which filter the air, were, after

the completion of the experiment, transferred to two
circular cultivating plates covered with nutrient gelatine

in a liquid state ; after careful mixing with a sterilized

platinum needle, the gelatine was allowed to solidify by
cooling. Each organism, therefore, becomes fixed, and
if capable of growing in the medium it forms a colony,

which, after the lapse of four to six days, is evident to the

naked eye. In almost every case the colony consists of a

pure growth of one species only. These colonies were
examined microscopically, and re-sown in sterile culti-

vating tubes, containing nutrient gelatine or agar-agar, for

further study.

In a report '' to the London County Council, recently

issued, Mr. Laws gives a list of the micro-organisms

detected by him in the air of the sewer above-mentioned
as well as in the air of other sewers. All the micro-

organisms tabulated by him belong to the class known as

non-pathogenic—that is, they are harmless bacteria—and,

with one exception, they are species commonly found in

air and water.

He says : "There are two points with reference to the

organisms in sewer air to which I wish to call special

attention—firstly, the absence of bacillus roli communis and
micrococcus urea, two organisms which must be present in

sewage in immense numbers ; secondly, the almost entire

absence of any organisms capable of very rapidly liquefying

gelatine, the only exceptions being the common hay
bacillus (liacilhis snhtilis) and a micrococcus mentioned in

my first report. In sewage, on the other hand, a large

number of organisms, for the most part bacilli, possess this

property of very rapidly liquefying gelatine."

In the splashing experiments conducted in the King's

Scholars Pond sewer, Mr. Laws found that when the
splashing was sufficiently violent to produce a very fine

state of division of the sewage, organisms from the sewage
were occasionally carried to a distance of from fifty to sixty

yards ; but, as a general rule, there is comparatively little

draught in the sewers, and the particles are carried no great

distance, and quickly subside again into the sewage at the

bottom, or are caught on the wet walls of the sewers, and
Mr. Laws found that, as a general rule, a decrease in the

number of organisms in the fresh air above ground was
followed by a decrease in the number of micro-organisms
in the sewer air.

These espeiiments entirely sweep away the theory that

* "Report to tlie Main Drainage Committee of the London County
Comieil on Sewer Air Investigations," by ,1. Parrv J.aivs, F.I.C.

Steel and .Jouc.-, 4, Spring Gardon?, S.AA' Trici' (id.

zymotic diseases are spread by micro-organisms carried by
sewer air. It may be regarded as demonstrated beyond
dispute, that certain kinds of micro-organisms invariably

accompany certain diseases, and reproduce similar diseases

when introduced by inoculation into the bodies of men or

animals, even after one or more generations of such

organisms have been grown in sterilized media. So that

such diseases must be produced by the micro-organism, and
not by any organic matter or product of putrefactive

decomposition allied to the dangerous class of poisons

known as ptomaines.

But as far as infection by micro-organisms is concerned,

it seems that the sewer rats have more reason to complain

of our ventilating their homes with the bacteria-laden

upper air than we have to complain of infection by micro-

organisms carried by sewer air into our streets and houses.

In a matter of such great importance, involving risks of

life, and—what is even of more importance—involving

the healthy condition, happiness, and working power of

milhons, we must proceed with all scientific caution, and
must not conclude without prolonged further investigation

that sewer air is not injurious. It may have an indirect

effect in lowering our vital power and rendering us more
liable to the attacks of micro-organisms derived from
other sources.

We have at present very few accurate statistics to go
upon, but general observations seem to show that the men
who work in sewers are not more subject to zymotic

diseases than other classes of the community—in fact,

they seem to be rather less subject to them—and the

children of the sewer-men, who live at the outfall works
and who spend a great deal of their playtime upon the

ventilating grids of the sewers, seem to be very healthy

little creatures. As far as I can learn, there has been no
recent outbreak of zymotic disease amongst them, while

the rest of London has been passing through a long

period of feverish anxiety, and the permanent hospitals

and temporary fever hospitals have been crowded to over-

flowing with infectious patients.

I have made what inquiries I can from Mr. Laws, and
others who have come into contact with workers in sewers,

to find what precautions the sewer-men take before they

eat their dinners. I am informed that much of their

work involves the plunging of their hands into offensive-

looking sludge, but it is only the more fastidious of them
who carry a rag or a handful of cotton waste in their

pockets, with which they give their hands a rub before

they sit down to eat. The rest, perhaps, give their hands
a rub on their trousers or coat, and set to work at their

food at once, without carefully cleaning their nails, or

washing their hands with disinfectants, as a doctor would
think necessary under similar circumstances, and yet these

men are comparatively healthy, and, if anything, are less

subject to zymotic diseases than their neighbours. Such
facts would almost lead one to doubt whether our theories

as to infection by sewage, and our dread of a whiff of

sewage air, may not be as mistaken as the superstitious

belief of the savage in the protecting power of his amulet,

or as unfounded as his terror of the evil eye.

But we must proceed cautiously if we wish to follow the

scientific method, and must remember (as Mr. Charles

Booth, the present President of the Statistical Society,

forcibly pointed out in a very interesting address, delivered

in November last, on the results of the census of 1891
with regard to the statistics of life and labour in London),
that the results which the statician offers us need to

be very carefully analyzed before we dare to found exten-

sive theories upon them. To form a sure foundation for

1 reasoning by the inductive method, we need a series of
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simple experiments which can only be interpreted in one

way ; but the results which the statician offers us are

frequently the outcome of many causes acting concurrently.

It may be that sewage poison has but little effect on those

who live an active and out-of-door life, while on the town-

liver and the sedentary worker it produces a depressing effect,

which predisposes him to the attacks of zymotic disease.

It is certain that the small amount of organic matter in

sewage air is easily detected by the nose, and with some a

strong smell of decomposing animal matter will even

leave a taste in the mouth, which may be detected for

hours or even days ; this is especially the case with those

who are not accustomed to such effluvia.

ilr. Laws found that the amount of carbonic acid gas in

sewage air is, on the average, a little more than double that

which is generally to be found in the upper air. What
may be called the normal quantity of carbonic acid gas

in the upper air is -04 per cent. 'Sir. Laws found that in

the King's Scholars Pond sewer the amount of carbonic

acid gas varied from -014 as a minimum to 1(504 as a

maximum, and that the average quantity was -0918 per
cent. 15ut this quantity of carbonic acid gas is not suffi-

cient of itself to produce unpleasant effects when breathed.

Dr. Angus Smith states that he found -1 per cent, in the
air of a well-ventilated soda-water factory in Manchester,
and it was believed to produce no bad effects on the

workers. But, as Messrs. Harold Wager and Auberon
Herbert show in a little book recently published by
Messrs. Williams and Norgate, entitled " Bad Air and
Bad Health," when in a crowded room the amount of

carbonic acid gas arising from respiration reaches -08 per

cent, the air becomes disagreeably close, and an unpleasant
odour is experienced which gives rise to headaches. They
believe and endeavour to show that this is caused by the

organic impurities expired from the lungs ; but the residual

differences which give rise to the remarkably different

physiological effects of the bracing air of mountains and
the seaside, as compared with the close air of cities, remains
almost as much a mystery as it was to the early chemists,

who could detect no sensible difference on analysis.

M. Ch. Fere, who has written a remarkable work on
the " Pathology of the Emotions," has brought together

many facts tending to prove that the emotions have an
intimate connection with liability to infectious diseases.

He quotes some curious statistics with respect to the

facility with which weak-minded persons succumb to

acute diseases, and endeavours to prove that depressing

emotions have an action on the development of tuberculosis,

phthisis, and especially on puerperal infection—his theory

being that the depressing emotions have an action on the

development and healthy activity of the leucocytes or

white globules, whose chief mission is to protect the

organism against the invasion of microbes.

The following is the sort of e\"idence referred to

:

M. Hervieux, resident medical officer of a lying-in

hospital, made notes as to the effect of the moral emotions

on puerperal infection, and found a large number of cases

in which young women, in a fair way towards recovery,

had taken a chill and become mortally ill after a visit or

untimely -reproaches from their mother or relatives, or

after the agitation or perplexity occasioned by their

resolving to abandon their child—unfortunate girls, till

then doing well, falling ill on carrying out the resolution

and succumbing in a short time.

If fear plays a part in the spread of zymotic disease, it is

evidently important to sweep away any superstitious dread
of conditions which may not really be dangerous. With
the spread of sanitary appliances there has been a wide
spread of sanitary theories, some of which are evidently

no better than depressing superstitions. The improved
sanitary conditions have generally brought with them an
increase of light, cleanliness, and ventilation, but they
have been working concurrently with the depressing
influence of the fear of an unseen enemy—sewer air—which
was believed to bear with it deadly microbes.
The following figures, taken from the fiftv-fourth annual

report of the Registrar-General, pul)lished' in 1892, show
how little the effect of these sanitary improvements,
working concurrently with such depressing superstitions,
and the increasing strain of modern life with its trains
and telephones and social discontent, has been upon
the number of deaths from zymotic disease, though the
number of deaths from all causes, per million of the
population per annum, has steadilv decreased from 1858
to 1890.

Annial Dkath Eates from Various Causes to a Million-
Persons LIVING IN GrOI-PS OF Ye.VRS FROM 1858—1890.

[

Cause of Death.
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THE STOCK DOVE.
By Haery F. Witheebt.

THE Stock Dove {Columba anas) is so called on
account of its habit of building in the stocks of

trees. Once, it was erroneously supposed that

our domestic pigeons sprung from this bird, and
hence some thought it had thus acquired the name

of Stock Dove. It frequents woods and coppices, and does

not seem to mind what sort of trees they are composed of.

The Stock Dove is often confused with the Rock Dove
(C liiin), a bird very much like it in colour and general

appearance, but widely differing from it in its habits.

The Eock Dove is probably the species from which all

our domestic pigeons are derived. It is an inhabitant of

rocky places on the sea coast, and frequently builds in

companies in caves ; it is especially common in Scotland,

where the Stock Dove is rarely seen. Unless in very

exceptional circumstances, the Rock Dove and the domestic
pigeon do not roost or even settle in trees, and in this

both differ from all other members of the pigeon tribe.

Again, the

Eock Dove
may always be

distinguished

from the Stock

Dove and
other wild
pigeons by a

patch of white

feathers on the
back, just
above the tail

:

a distinguish-

i n g mark
which is ap-

parent in most
varieties of

the domestic

pigeon.

The Stock

Dove is very

local in its

habits, being

plentiful in

some districts

and scarce in

others. In
England it is

not found far

north, but is

common in certain localities of Norfolk

be said of its occurrence in most of

Stock Doves : Male

and the same may
the midland counties.

It is also common in some places in Hampshire and other

southern counties. In certain parts of the country it

remains all the year round, while in others it is migratory,

leaving its breeding haunts about the end of October.

The nest, if a collection of sticks may be so termed, is

usually placed in a hole of an old or pollard tree. The
height of the hole from the ground varies considerably, a

hole not more than five or six feet up being sometimes
chosen, whilst at others it is often as many as sixty feet

from the ground. The same place is very often resorted

to year after year, and the nest is thus gradually increased

in size.

I have seen one in a hollow tree, which consisted of a mass
of sticks some three feet deep ; and on the top of this a Stock

Dove was sitting ou two eggs, going in and out through a

hole on the east side of the tree. On the south side of the

tree, and about a foot below the Stock Dove, was another
hole in the tree. Here, in a cavity formed by some of the

sticks having fallen away, a Tawny Owl (Stri.r aluco) was
sitting on her eggs. Taking a stand below where the Owl
was sitting, and looking up through a crevice, the Stock

Dove could be seen on her nest above. This strange

partnership was the more remarkable as the Stock Doves
feed their young in the day, while the Owls are abroad at

night. Both pairs went about their duties peaceably, and
did not seem inclined to molest each other.

In the open country of Norfolk the Stock Dove lays its

eggs in deserted rabbit burrows, about a yard from the

entrance, often not making any nest, but laying on the

bare ground. It also occasionally builds under very thick

furze bushes.

It rears two broods in the year, the first eggs being laid

at the end of March or beginning of April. The eggs are

usually two in number, but occasionally three are found.

They are pure white, very much like those of the

Wood-pigeon, but somewhat shorter. The birds sit very

closely during incubation, both taking their turn on the

nest; the
young arc
hatched in

about seven-

teen days.
When about
four or live

weeks old,

they are con-

sidered a great

delicacy. If

reared from
the nest they

become very

tame in cap-

tivity.

The food of

the Stock
Dove consists

of buds, young
green leaves,

seeds of plants

and trees such
as acorns and
beech-mast,
and grains of

various sorts.

They may
often be seen

feeding with

Wood pigeons, and in the autumn and winter many join

the flocks of these birds and cause great devastation in

the cornfields.

The flight of the Stock Dove is exceedingly rapid, and
when driven from its nest it comes out of the hole with

a rush, and beating its wings together once or twice with

a loud noise, it dashes swiftly away.
The note of the Stock Dove is a simple "coo-oo-oo," the

last syllables being more prolonged than the first.

The length of fully-grown male birds is about one foot

two inches, and their stretch of wing is about two feet

two inches.

The head and crown are bluish-grey, the back of the

neck being of the same colour, whilst the sides of the neck

are of glossy iridescent green and claret colour. From this

claret colour on the neck it derives its Latin name anas,

from oho;—wine. The breast is a purple-red, shading oft'

downwards to bluish-grey. The back is bluish-brown above

the left, Feninlo entering jiest.





NORTH.

EAST. WEST.

THE MILKY WAY IN THE CONSTELLATION CEPHEUS.

From a pliotograpli iMkcii at thi" Lick Observatory by .Mr. E E. Bahnahu, witb a camera of 6 inches aperture arul 31 inches

focus. Exposed for seven hours on October 13th, 1893, from 8h. 20.m. to 15h. 20m., Standard Pacific Time. Scale of this plate:—

1 ineli erpial to about I'So". The large star in the upper right hand corner ie a Cepheus.



m.:'T.:-*.->:
\:-Jt^

- i«p

-!&

S^ii

[^>^
H«5

J^-^iV:^"?:.

'%:r^^
V-'

EAST. SOUTH. WEST.

THE MILKY WAY IN THE CONSTELLATION CEPHEUS, showing the nebulous region and dark structures

which are traceable on a smaller scale on the opposite page.

This plate corresponds with the central region of the opposite plate, but the photograph has been enlarged about 2^ diameters, and has

been printed so as to show fainter nebulosity.
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and bluish-grey between the wings, while the tail coverts

are grey. The tail and wings are bluish-grey, shading off

to a leaden-grey.

The female, as is the case with most of the pigeon family,

is smaller and less brilliant in colouring than the male
;

but otherwise she resembles her mate. Young birds, before

their first moult, have not the beautiful metallic tints

spoken of above on their necks.

THE STRUCTURE OF THE MILKY WAY.
By A. C. Ranyaed.

THE beautiful photograph of the Milky Way in

Cephens, reproduced in our plates, will well repay

very careful study. The plate on the left hand will

bear examination with a magnifying lens, and if

there still remain any readers of Knowledge who
are sceptical as to the actual existence of dark structures

in the Milky Way, they will find ample evidence in this

plate to convince them of the existence of narrow streams
and branching tree-like structures of semi-opaque material,

which evidently acts like a fog in space, cutting out the

light of the bright nebulous matter on which the dark
structures are seen superposed— evidence which, if

thoughtfully studied, must completely satisfy the objectors

who have rather hastily advocated the theory that the dark
channels and tree-like structures may be explained as

accidental interspaces between bright nebulous clouds.

The plate on the right hand has been made on an
enlarged scale (about two and one-eighth diameters) from
the central region of the ^shotograph represented in the

opposite plate. It has also been treated so as to bring out

with greater contrast the gradation of faint tints, so that

some of the long lines of stars and associated dark channels
are more strikingly exhibited in the enlarged picture than
in the smaller but sharper reproduction of Mr. Barnard's
original photograph.

I will ask the reader to devote a little time to the careful

examination of both of the large plates of the region repro-

duced in Fig. 1. Close to the bottom edge of Fig. 1, over

the words " a little," is

a narrow dark channel
which leads into a large

dark area, within which
a few isolated stars are

sprinkled. From this

dark area spring
several branching dark
structures. The most
notable of them is one
which reaches nearly

to the top of the block

in Fig. 1. From it

there spring several

small dark branches or

expansions of the main
stream on either hand.

There are at least

three such expanding
heads, or opposite pairs

of branches, one above
the above. I would ask

Fi&. 1.—Region a little to the right
of the centre ou the enlarged plate, anj
a little below the line joining the words
" East " and " Wej^t " on the opposite
plate.

the reader to compare it with the great branching structure

in the Orion nebula, referred to later on. This is not by
any means the only dark branching structure which springs
from the large dark area shown in Fig. 1. Another series

of dark branching channels may be traced springing from
the upper part of the dark area on the left hand. They

branch in a complicated manner, and mostly end in

expanded heads. There are also some narrow, dark,
branching channels which run into the nebulosity on the
left-hand side of the dark area.

It will be seen that all the linear dark channels and
dark structures branch or fork in a direction away from
the dark area, and it seems difficult to resist the conclusion
that we have evidence here of streams of dark nebulous or
semi-opaque matter, which have been projected from the
dark region into a surrounding resisting medium. I would
ask the reader to compare this region with the region of the
Milky Way in Sagittarius, shown in the photographs
reproduced in the January number of Knowledge for

1893. In each case we seem to have a black area, from
which dark structures radiate into surrounding bright
nebulosity, and it will be remembered that we found a
similar radiation of dark structures from the larger dark
region in Sagittarius shown in Knowledge for December,
1.S91, and discussed on page 232.

In the enlarged plate, several narrow dark channels,
associated with lines of stars, will be recognized running
in undulating lines nearly horizontally across the plate.

One of the most striking of these runs through a small dark
area to the south of the dark area shown in Fig. 1. This
darlc channel, like most of the others, is very narrow and
intensely black, and runs in a wavy line nearly from one
side of the page to the other. It cannot be reasonably
suggested that such a dark channel is merely the inter-

space between two bright nebulous areas, for such a theory
would involve the assumption that both of the bright
nebulous areas have irregularly curving edges which
accurately fit into each other, leaving everywhere the same
breadth of narrow interspace between them. The chains of
stars running parallel with the dark channels also bear
witness to their having a physical existence, and not
being due to a mere effect of perspective.

Several such dark channels are to be found in this

region of the Milky Way. One rims horizontally from a

to h across the middle of the region comprised Ln Fig. 2, but
it is best shown on the larger plates and on the glass

transparencies sent by Mr. Barnard. In this region there
are several minute dark channels alineated with stars,

which branch away from the annular dark channel. Many
of them can be recognized in Fig. 2.

Fig. 2.—Region to the north of that shown in Fig. 1, showing
bright nebulosity surrounded by a dark channel.

In trying to interpret the vast phenomena presented to

us by the Milky Way, we must in the first instance note
facts, and where we can recognize them we must carefully

note analogies ; and though the structures which have been
photographed in comets, in the corona, and in the Orion
nebula are probably on a diminutive scale compared with
those presented to us in the Milky Way, it is interesting

and may be very useful to note analogies between them.
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In Swift's comet (see photographs in Knowledge for

December, 18921 and in Brooks' comet (see the plate in

the last number of Knowledge) we seem to have evidence

of a series of tree-like and branching structures rising one
above the other. In this i-egion of the Milky Way fsee

Fig. 1) we have a somewhat similar series of tree-like

structures one above the other, apparently arising from the

same trunk or stream of outflow. Fig. 3 is a key diagram

SiHTH. to the plate

; . •. • showing the
_ • " structures on

..
,;_

• the eastern side

. \ '; \ .• • of the Orion
'

'. '
' - nebula. In the

\ ,
• great branching

structure which
seems to spring

from the east-

ern side of the

dense quadri-

lateral mass of

nebulosity sur-

rounding the
East. Trapezium, one

tree-like form
seems to rise

above another,

as if they be-

longed to suc-

cessive out-
bursts that were
being carried

along in a

stream 'flowing

outward from
the Trapezium
region. If this

is not the case,

and there is any
analogy be-

tween the
prominence- like

forms /', c and d (see index diagram, Fig. :-!) and solar

prominences, we must suppose that h, c and il have all

been projected from different centres of explosion. But
the cometary branching structures, which we naturally

assume all come from the nucleus or head of the comet,

seem to afford an explanation, or at least to throw some
light upon the process by which such structures could

take their form while passing through a resisting medium
near or around the seat of explosion, and might after-

wards be carried away in a stream as the matter of a

comet's tail is carried away.

But tliere is a still more striking analogy between the

strange form presented by Brooks' comet on the 21st

October and this great structure in the Orion nebula.

One edge of the structure is much sharper than the other,

and it is curiously notched with sharply-deiined bays or

indentations on the side which is most sharply defined, as

is the case with the tail of the comet. In the Orion

nebula structure there are small as well as large notches.

Two of these small notches are very sharply defined in the

under-exposed pictm-e (reproduced in Fig. 2 of the plate).

They lie to the east of the lower part of the stem of the

structure marked h in diagram. Fig. 3.

It is worthy of notice that the notched structure of the

Orion nebula is surmounted by a branching structure very

similar to the branching structure which surmounted the

notched region of Brooks' comet on October 21st, and that

Fig. 3.—Diagram showing great curving

structure on the eastern side of tlie Orion

Xebuhi.

there are other structures in the Milky Way and in nebula?

with one edge sharper than the other, and in which the

sharply-defined edge exhibits notches or indentations.

I would invite the reader to compare the plate of the

region of the Milky Way about ^ Cygni, published in

Knowledge for December, 1891, and any photograph he

may possess of the nebula near Orionis.

In Thf Anwrican Xatiaalist for January, Mr. S. W.
WiUiston reports the discovery in the Niobrara Chalk, in

Kansas, of a Plesiosaurus skeleton, with which were
associated more than a hundred hard flinty pebbles,

varying in weight from 1 to 170 grams, and of conspicuous

colour. These he concludes had been swallowed by the

Plesiosaur to aid in digestion, a habit still in vogue among
crocodiles.

Dr. Hickson, in his new book, The Fauna of the Deep

Sea, points out in a very vivid manner an extraordinary

danger to which the deep-sea fish are liable. At the great

depths at which they live the pressure is enormous—about

two and a half tons on the square inch at a depth of

two thousand live hundred fathoms. It sometimes happens
that in the excitement of chasing a prospective meal the

unwary fish rises too high above his usual sphere of life,

when the gases in the swimming bladder expand, and he is

driven by his increasing buoyancy rapidly to the surface.

If he has not gone too far when consciousness of his danger

grows greater than his eagerness for prey, the muscles of

the body may be able to counteract this, but above this

limit he will continue to float upward, the swimming
bladder getting more and more inflated as the unfortunate

creature rises. Death by internal rupture results during

this upward fall, and thus it happens that deep-sea fish

are at times found dead and floating on the surface of the

ocean, having tumbled up from the abyss.

Notict of ISooit.

Tlielhian of Astronomij : a Study'of the Teiiipti-M'orship

a)td Miithohu)!/ of the Aneieiit F.ijijptiaiu. V>y J. Xorman
Lockyer. London, 189-4.

The idea upon which this work is based occurred to

Mr. Lockyer while inspecting the ruins at Eleusis, and
the remains of the Parthenon, in the spring of 1890. The
directions given to the foundation-lines of these buildings

struck him as peculiar, and implied, he rightly conceived,

an underlying motive. Old Christian churches, he
remembered to have heard, were often built so that, on
their respective feast-days, the rising sun should shine

directly through their eastern windows. Could it be that

this arrangement was merely a survival of an antique

practice "? He turned to Egypt for a reply. There,

numerous temples, dating from a grey fore-time, had been
measured by the French in 1798, and by the Prussians in

1844. There, too, astronomical considerations were known
to have been, in some cases at any rate, influential upon
architecture. The Great Pyramid is a standing example.

If our readers desire to satisfy themselves upon the point,

they need only refer to Mr. Proctor's demonstration in
" The Old and New Astronomy," that the tomb of Cheops
was used, some five thousand years ago, as a meridian

observatory.

To Egypt, accordingly, our present author went both in

person and by manifold inquiries ; with results of most
curious interest. To some among them exception may be



STRUCTURES ON THE EASTERN SIDE OF THE ORION NEBULA.

Both pictures huve bpon made from negatives kindly lent by Dr. Isaac Roberts.

1.—Made from a long-exposed pliotograph of the Orion

Nebula, showing notches on the eastern edge of great

branching structure.

2.—Made from a photograph taken with a shorter exposure,

showing the well-defined eastern edge of the same structure,

with small and large notches.
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taken ; but he claims for none more than a provisional

character. There can. however, be little doubt that all the

sacred edifices in the Nile valley were built with some refer-

ence to the heavenly bodies. This is suggested by their very

structure. From the inner sanctuary of each, the line of

view was invariably kept clear to the horizon, whither the

eye was often guided through rows of massive pylons, or

along far- stretching avenues lined with obelisks, columns,

or statues. The purpose of this open light-route was

evidently that the rays of a rismg or setting lummary
might, at certain annually recurring moments, flash

transitorily upon the image of the enthroned divinity.

"Manifestations "of this kind are indeed positively stated in

some of the mural inscriptions to have given the signal

for the commencement of solemn celebrations ; hence the

temples were expressly planned to secure their unfailing

display. For the most part, it was sun-illumination which
was thus led captive to the shrine of the god or goddess

;

but; a considerable number of temples face too far south

or north of the equator to have ever been available for

solar observations. These, we are now informed, were
oriented, each to a particular star. Thus, there can

be no question but that the goddess Isis was represented

in the heavens by the blazing Sirius ; and it may also be

admitted that the temple of Isis at Dendera was erected

as a kind of spy-tube upon the yearly reappearances at

dawn of her stellar eilti-r ei/o. This took place on the 20th

of .Tune, the Egyptian New Year's Day, and was hailed

with clamorous exultation. From a comparison of the

actual aspect of the temple with the lie it should now take

in order to comply with the ancient conditions of its existence,

Mr.Lockyer places its foundation atabout TOOb.c. The local-

ization of a star naturally implies a date, since precessional

movements occasion a continual shifting of rising-points, as

viewed from any determinate spot on the earth's surface.

A temple, of which the axis was designed to be threaded

by the emerging beams of a certain star, must then have
been built at a strictly calculable epoch. In two, or at

the utmost three hundred years, it would become super-

annuated. The star of its cult would no longer shine

into it. Originally aligned with a moving object, it now
remains as a perennial record of the interval which has
elapsed since that primary, though comparatively tran-

sient, agreement was complete. Hence the chronological

value of this method, provided only that satisfactory

assurance can be obtained as to the individual stars to

which the temples were oriented. Mr. Lockyer's identifi-

cations are not meant to be final. The admission of

Canopus, it may be remarked, as an object of worship in

Upper Egypt, would carry the time back to 6100 b.c. A
great deal of research, however, including surveying

operations and the labours of decipherers, is requisite

before the brilliant suggestions contained in the volume
before us can be either received or rejected without
hesitation.

Uttttrs.

[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]

IRREGULARITIES IX THE TAILS OF COMETS.
To the Editor o/ Knowledge.

Deak Sir,—I have been very much interested by the
articles on Brooks' Comet in the last number. On the

one hand, it seems to me that Prof. Barnard does not
prove the assumption which gives the title to his article

—

" On the Probable Encounter of Brooks' Comet with a

Disturbing Medium" ; and, on the other hand, I do not

understand how the explosions you speak of, or the great

and sudden changes in brightness, could be caused without

some encounter or external influence more irregular in its

action than the slow increase or decrease of the sun's heat,

due to the comet's changing position. Prof. Barnard

seems to assume that the whole comet was stirred up by

the collision of its tail with a resisting medium. He
says;—"In the second photograph (see the picture for

October 21st) the entire comet was brighter, as if the

ilisturbtince had added to its lii/ht" [the italics are my own]

;

and he goes on to say, " as also seems to have been the

case with the third photograph on October 22nd, for its

exposure w'as much shorter, as flying clouds were obscuring

the sky a considerable portion of the time." No doubt the

rapidly-varying brightness is proved beyond dispute by the

photographs, but I do not see how a blow upon a comet's

tail could affect the brightness of its head or nucleus. If

the matter of the tail is, as we have hitherto supposed,

always streaming away from the nucleus, such a theory,

at all events, needs further proof than Prof. Barnard gives.

It seems to me more probable that the irregularities in

the tail are as you, Mr. Editor, suggest, due to irregulari-

ties in the quantity of matter streaming away from the

nucleus, as well as due to changes in tlie direction in

which the streams of matter are driven forth from the

head of the comet. But I cannot conceive how the sun's

slowly increasing heat acting upon the nucleus could

cause such sudden outbursts in different directions.

The phenomena presented are intensely interesting

because they are so mysterious. My father felt great

difliculty in accepting the ordinarily received theory that

comets have been captured from outer space and deflected

into closed orbits by the larger planets, because, with

bodies of sensible diameter like comets, the nearer and

further parts would be difl'erently acted upon by the

planets they approached, and the various parts of a large

group of stones would consequently be deflected into very

difi'erent orbits.

The elongated nuclei of some comets, and the small

attendant comets which have been seen alongside some

large comets, seem to show that the material of the

nucleus has been torn into pieces by perturbations, and

has in some instances been stretched out into a stream of

nuclei or isolated clusters of stones arranged in a Ime. It

seems to me to be worth considering whether the notches

in the tail of Brooks' comet may not have been due to

some repelling action around an invisible attendant comet,

such as was observed, or, at all events, was photographed

by Prof. Barnard, in the midst of the tail of Swift's comet.

It will also be seen that the ejected matter from the

nucleus was pretty evenly distributed on either side, as it

streamed away from the head of the comet, while if some-

thing had run against the tail of the comet, its fragments

would have been drifted to one side of the general axis of

the tail. In the second photograph, taken on October

22nd, the even distribution of matter driven back from

the nucleus is even more noticeable.

Yours faithfully,

Brighton, 7th February, 1894. H.\ery Proctor.

[Many of the older readers of Knowledge will, I feel

sure, jom with me in welcoming Mr. Harry Proctor as a

contributor to our pages. His theory, as to the possible

action of attendant comets, seems to me to be well worthy

of consideration. We know tliat some three or four comets,

whose paths approach the earth's orbit, are accompanied

by widely distributed flights of meteors distributed along and

around their orbits. If the matter driven from the main

nucleus of a comet varies in quantit}- from day to day and
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hour to hour, it is easy to conceive that smaller swarms,
which accompany the main cluster, may from similar causes

vary in brightness, sometimes becoming bright enough to

be recognizable, and then rapidly dying down in brightness

so as to be lost to sight again.—A. C. Eanyard.]

To the Editor of Knowledge.

Leigh Siuton, Malvern,
February 9th.

Dear Sir,—I was greatly pleased with the photo-

reproduction of the summit of Mount Hamilton and the

Lick Observatory in this month's Knowledge ; but I

looked in vain for any letterpress description. I have

never seen anything beyond the usual type of newspaper
paragraphs about it, and I am sure that other readers

besides myself would be interested in some reliable state-

ments. -K..'/., Is the full aperture of the giant lens

normally used on fine nights '.' What power can be used

on double stars and on planets respectively ? Does
Jui^iter appear as clear and free from halo and colour as

in a 6-inch instrument '? Also, are photographs of the

planets successfully made '? You have familiarized your
readers with exquisite photos of the moon and of star-

groups, but I have never seen any attempt at a photo-

graphic view of, say, Jupiter or Saturn.

Yours truly,

C. Robinson, B.A.
[Photographs of Jupiter and Saturn will be found in

Kno^n-ledge for November, 1890. The photographs there

reproduced are from negatives taken by Prof. W. H.
Pickering. Good photographs of the planets have been
obtained at the Lick Observatory, and also by the Brothers

Henry and M. Loewy at the Paris Observatory
; but com-

paratively little progress has been made in this direction

since 1890. Both Jupiter and Saturn show a great deal

of colour in the most perfect achromatic telescopes, as well

as in reflecting telescopes. The globe of Saturn exhibits

dehcate tints of blue and brown, and Jupiter is exquisitely

coloured with deep tints of red, yellow, blue, and rich

chocolate brown.
As far as I am aware the full aperture of the 36-inch

refractor is always used, but none of these great telescopes

bear a power of 100 per inch of diameter, which is spoken
of by the Rev. T. W. Webb in his " Celestial Objects " as

the power which the best telescopes of either kind (i.e.,

reflecting and refracting) should bear under favourable

circumstances on stars. It seems to me, though I feel

great diffidence in differing on such a subject from Mr.
Webb, that he would have been nearer the mark if he had
spoken of a power of 40 or 50 per inch as the limiting

power which can be advantageously used on large telescopes

under favourable circumstances. I should like to hear
what Mr. Burnham and Mr. Barnard have to say on this

subject.—A. C. Ranyard.]

PERIODICAL COMET.S.

To the Editor of Knowledge.

Sir,— Let me remind Mr. Denning that in Dr.
Matthiesen's paper, to which he refers, it is expressly
stated that if the comet, as seemed probable and we now
know was the case, escaped observation in 1890, it would
be very difficult to predict the approximate time of its

appearance at the next following return. It underwent
some rather strong perturbations by Jupiter in 1887 ; and
though Dr. Matthiesen did take account of these so far as

was practicable, it must be remembered that the whole
time of the comet's visibility in 1881 was considerably less

than three months, so that the knowledge of its motion in

its present orbit could not be very precise, nor the means
of calculating the perturbations very accurate.

In my list of expected returns of comets, both in my
article in Knowledge and in my little hroehure on
" Remarkable Comets," to which Mr. ])enning does me
the honour to refer, I limited my notices to those of which
the return might be expected with some confidence during
the years assigned. For this reason I omitted both
Denning's comet of 1881 and the comet which was known
as Tempel's second periodical comet. The latter was seen
at two returns only, and escaped observation during those
due late in 1883 and early in 1889. It is true that the

positions were unfavourable on both these occasions, but
comets seldom escape observation now entirely from that

cause, being so diligently looked for in both hemispheres
with much more powerful telescopes than formerly.

Another return will be due shortly, but under the above
circumstances can hardly be looked forward to with much
confidence.

In my article I inadvertently spoke of 1899 as the last

year of the present century, which, of course, should be
1900. Mr. Denning apparently follows suit, and means
1897, 1898, and 1899 by " the last three years of the present
century." Let us hope that his comet will return some
time in the last of these, after which its period will be

better known. Yours faithfully,

Blackheath, February 9th, 1894. W. T. Lynn.

LUNAR CEATER PLAINS.

To the Editor of Knowledge.

Sir,—I have been away on a five months' cruise around
the colonies of Australia, and have only just seen your
interesting article—beautifully illustrated—on "The Great
Lunar Crater Tycho," in Knowledge for August.

Some of the references therein to the " Theory of Lunar
Surfacing by Glaciation" (published by Messrs. Thacker and
Co., 87, Newgate Street) have taken me rather aback,

and, as I am sure you would desire to see any serious

misinterpretations rectified, I beg to send a few explana

tions.

The view of the subject which I take is so revolutionary,

and it is naturally so speculative and many-sided, that I

must at first expect a large amount of misapprehension,

and trust to time, and opportunities such as this, to remove
them as they arise.

In the first place I see you say I assume " that the

lunar surface consists entirely of ice." This is hardly

correct. I assume that in the main the surface, whether
hill or plain, is composed of snow ; occasionally and rarely

of ice, as in the three dark spots on " Alphousus," which,

even then, would be so covered with floe debris and
meteoric dust stain, that specular reflection would be

impossible.

Beneath this snowed surface—especially on the maria

and sunk plains—the ice, I take it, lies hidden, more or

less roughened by dt'hris, yet often level in the main over

large areas. Hence I do not look on the " lunar plains

as surfaces of vii'gin ice," as many suppose, capable of

specular reflection.

At page 11 of the " Theory" above referred to I say
" the outer surface is a snow surface stained by an
accumulation of meteoric dust."

Again, you say that I think " the craters and pit-like

depressions are due to the action of hot springs, which
have not flowed continuously, but that water has from

time to time issued from vents in the soil, and has melted

the ice above the vent ; the water is then supposed to have

flowed back to the warm interior of the moon, taking with
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it a part of the surface ice that has heeti melted, and by a

series of such ebbs and flows Mr. Peal conceives the

terraced walls of the lunar craters to have been built up."

I do not recollect ever having referred to springs of hot

water or ebbing and flowing. The "vents" and "heat
orifice " I take to be similar to those seen in terrestrial

volcanoes, where, as Prof. .Judd points out, some ninety

per cent, of the total output is steam, or heated aqueous

vapour.

On page 22 of the " Theory " I call them " cold

volcanoes."

On our earth we have numerous cases of submarine
vents, which at times raise the temperature of the water,

and even at last rise to the surface and form the " oceanic

islands." AU I assume is that these existed on the moon,
and during its long era of refrigeration they retarded, for

very long periods, the glaciation of the sea on large and
small sub-circular areas, a cluster of small heat orifices or

vents, as in Plato, at times producing a lagoon in the ice

sheet, as effectually as one large one.

But in all cases a time must necessarily come when,
through the persistent fall in secular temperature, these

lagoons, in various stages of formation, solidified, and any
aqueous vapour subsequently given off at the old or any
new orifice, would be piled as snow over and around the

vent, and would form the well-known " cone," simulating

our volcanic cones, in all but their universal whiteness.

In the deeply terraced craters—which, as a class, are not
overlapped by other rings—the material of the successive

terraces I assume to be taken from the lagoon surface by
evaporation, and deposited at once around the margin as

snow, thus at one operation forming the new terrace, and
still further lowering the level of the enclosed floor.

Ice clifl's of seventeen thousand and twenty thousand feet

high are no part of my " theory." On page 8 of it I say,

"again it has been objected that snow mountains of

twenty thousand feet elevation are quite inconceivable,

but we may recollect that the gravitation on the moon
would be but one-sixth of ours, and that thus the lunar
snow in packing down, or piling up, would probably not

have one-fourth the same mass in an equal volume as ours.

Terrestrial ice on the moon would weigh lighter than cork
to us, and lunar snow peaks and ridges would rise as an
almost inconceivably light material, into an intensely cold

airless void. Though of such a light and flocculent

nature, they would appear to us, and practically be, as

permanent as solid rock masses. With us the lower
layers of deeply piled snow become pressed to ice, and
there seems to be no reason why the bases of lunar ranges
should not be of similar nature."

I may add that it is now found that at low temperatures
ice becomes a non-viscous solid, like glass ; and that as

temperature falls, both snow and ice become more and
more diathermanous.

The occurrence of small craterlets on the rims and
slopes of large craters and sides of mountains I, of course,

do not attribute to an output of " warm water," but to the

exhalation of .stram through orifices due to faulting

—

similar to the formation of the crater chains over faults

or clefts.

The extraordinary outcrop of minute crater cones nil

over the lunar surface, which is probably still going on,

when taken iji conjunction with the slow subsidence of

the lunar maria, as evidenced by the clefts, seems to me
a lieautiful demonstration that there is still a large store

of internal heat in our satellite, beneath the now glaciated

crust.

I " account for the fact that the lunar plains and floors

of the deeper lunar craters are generally of a much darker

tint than the higher ground upon the moon," not by

assuming that the former are virgin ice, and the latter

snow, but solely as the effect of gravitation, which
occasionally removes from clifls, rugged and elevated

regions, the meteoric dust stain, which needs must lie (and

accumulate) for ages on levels and gentle slopes, like the

outer incline of the rings—see Aristarchus, &c.—at sunrise.

Sibsagar, Assam. S. E. Peal.

[If the lunar plains had acquired their dark tints by the

fall of meteoric matter which was originally deposited on
high ground, we should expect to find the darker colouring

near the base of the lunar mountain ranges, and that all

high ground would be fringed by an edging of darker shade.

But the dark tints are nearly uniformly distributed over

the lunar plains, and we seem to have evidence in lunar

photographs that matter of various degrees of darkness, as

well as white material, has flowed in streams from some of

the lunar craters.—A. C, Ranyard.I

ANIMAL HEAT.
By Vaughan Coenish, M.Sc, F.C.S.

IN
a former article it was shown how plants and
animals assimilate food from their environment,
seizing upon the same elements and building up
compound substances, which, though not identical,

are of the same general character and class in both

the vegetable and the animal world.

In our last two articles we described the changes of

composition which take place in the life of plants and
animals as essentially chemical changes, following the

same laws and brought about by similar causes as the

reactions studied by a chemist in his laboratory. In the

growth of the animal or plant many causes co-operate

besides chemical causes. For example, the form and
structure of its parts are determined by laws which are

outside the ken of the chemist. But chemical forces,

besides building up the substances of which animal and
vegetable bodies are made, maintain the bodily heat

which is inseparable from animal life, and which, along

with the power of locomotion, forms to the ordinary

observer perhaps the most obvious and essential dis-

tinction between animals and plants. Lavoisier first

proved to the world the nature of the chemical changes

which occur in burning, and showed that in respiration the

same chemical process (oxidation) is going on. Every
chemical change is accompanied by a heat change.

Lavoisier not only recognized this fact, but he appreciated

its importance more than most of his immediate successors.

Accordingly he set himself to investigate (juantitntively the

heat changes which occur in the phenomena of burning

and of respiration, both being from his point of view

phenomena of oxidation.

How well Lavoisier understood that without measure-

ment there is no science is shown by the fact that he used

the ciikirinii'ter, or instrument for measuring quantities of

heat, with the same diligence as he showed in the use of the

balance. Calorimetry, that branch of science which deals

with the measurement of quantities of heat, owes its origin

to the joint work of Lavoisier and Laplace, who were the

inventors of the ice-calorimeter. The principle of their

method was to measure the quantity of heat by the weight

of ice melted. Thus, in order to determine the quantity

of heat given out l>y one pound weight of iron in cooling

from the temperature of boiling water to that of melting

ice, the iron was placed in the central chamber of a box

furnished with a lid and having two annular chambers
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outside the central chamber. The outer annular chamber
or compartment was filled with ice to protect the next

compartment, also filled with ice, from the warming effects

of the external air. All the heat received by the inner

ice compartment comes, therefore, from the body placed in

the central chamber. The weight of ice melted measures
the quantity of heat received, the water formed by the

melting of the ice being run off from the bottom of the

apparatus, which is funnel-shaped and provided with a

stop-cock for the purpose. The above arrangements
served for the comparison of the specific capacities for

heat of different materials, as shown by the heat given out

by them in cooling through a certain range of temperature.

In the experiments on the heat given out in burning

and in respiration, the arrangements were slightly different.

We give Lavoisier's description, retaining the old term
caloric, which may be taken to mean " heat considered as

a measurable quantity." Lavoisier writes : "To determine

the quantity of caloric disengaged during combustion and
during animal respiration, the combustible bodies are

burnt, or the animals are made to breathe, in the interior

cavity, and the water produced is carefully collected.

Guinea-pigs, which resist the effects of cold extremely well,

are well adapted for this experiment. As the continual

renewal of air is absolutely necessary in such experiments,

we blow fresh air into the interior cavity of the calorimeter

by means of a pipe destined for that purpose, and allow it

to escape through another pipe of the same kind ; and that

the heat of the air may not produce errors in the result of

the experiments, the tube which conveys it into the

machine is made to pass through pounded ice, that it may
be reduced to 82° before it arrives at the calorimeter.

The air which escapes must likewise be made to pass

through a tube surrounded by ice included in the interior

cavity of the machine, and the water which is there

produced must make a part of what is collected, because

the caloric disengaged from the air is part of the product

of the experiment."

By means of this apparatus, or " machine" as he calls it,

Lavoisier compared the quantities of heat evolved during

the burning of a given weight of carbon and of hydrogen,

and of a given weight of animal and vegetable substances

formed of carbon and hydrogen, such as wax in a wax
taper, and olive oil burnt in a little lamp. He also, as

we have seen, determined " the quantity of caloric dis-

engaged during respiration," a research connected with

that on the loss of weight during respiration, in which his

colleague Seguin was the corpus vile in place of the guinea-

pig, which was found so "well adapted " for calorimetry.

Seguin used to be sewn up in a varnished au'-tight silk

bag, the edges of which were accurately cemented round
his mouth, leaving only a slit for breathing. He was
weighed in a delicate balance from time to time.

Bince the days of Lavoisier thermo-chemistry, or the

study of the heat-changes which accompany changes of

chemical composition, has made considerable progress in

spite of the many practical difficulties which surround the

subject. One of the most important of the laws which
have been experimentally established is that " the initial

and final stages of a chemical reaction alone determine the

amount of the heat change."

For instance, the conversion of a given weight of carbon

to carbonic acid is accompanied by the evolution of a

quantity of heat which is the same whether the carbon

be burnt rapidly in oxygen, or whether in a slow and
roundabout series of chemical changes the carbon is

successively a constituent of a number of vegetable and
animal substances before finally attaining the form of

carbonic acid in the expired breath of animals. This law,

which has been experimentally proved to hold in a variety

of cases, enables us to jalculate the heat-giving power of

foods without having to ascertain the various changes and
modifications which the food undergoes in the animal
body. We know the final products, and that is sufficient.

Thus, sugar taken into the body is sooner or later

completely converted into carbonic acid and water ; in

other words, it is completely burnt. The heat given

to the body by one ounce of sugar is therefore, by the

second law of thermo-chemistry as it is called, the same as

the heat evolved by burning an ounce of sugar. This
quantity can be experimentally determined by the use of

Lavoisier's calorimeter, or one of the modern improvements
upon his original apparatus. We are thus enabled readily

to compare the heat-giving power of dift'erent foods and
food stuff's, and it is by the use of such thermo-chemical
methods that the figures quoted in previous articles have
been ascertained. For instance, the starch equivalent of

fats, two-and-one-third, is the proportion which the heat-

giving power of fats bears to that of an equal weight of

starch.

Every chemical change is accompanied by a heat change,

but it must not therefore be supposed that every chemical
reaction is accompanied by an evolution of heat. There
may equally well be a disappearance of heat. It is the

former class of reaction, those in which heat is evolved,

which are often accompanied by striking phenomena such
as evolution of light, &c. Hence the popular idea that a

chemical change is necessarily accompanied by an evolu-

tion of light and heat. By the second law of thermo-
chemistry the initial and final stages only determine the

heat reaction. Take the case of the carbonic acid of the

atmosphere, and the various changes the carbon undergoes

after its assimilation by the green portion of a plant and
during its subsequent changes in the body of some animal
which has fed upon the plant. The final stage is that the

carbon is restored to the air as carbonic acid. The initial

and final stages are identical and the total heat reaction

is nil. While the carbon has been in the animal body it

has been gradually oxidized up to carbonic acid, and
during the whole of this time heat is being evolved ; hence
the warmth of the animal. The heat thus given out by
the carbon taken into the body as vegetable food

is (by the second law of thermochemistry') exactly

equal to the heat ahsorhed during the process of converting

the carbon of carbonic acid into the state of chemical

eombmation in which it is found in the plant. How is it,

then, that the frigorific effects of plant growth are so much
less patent and obvious than the heating effects of animal
life ? It is mainly due to the circumstance that, in order

to bring about chemical changes in which there is an
absorption of heat, some external agent must act, and
must keep on acting, in order that the chemical reaction

may proceed, and in the case of the decomposition of

carbonic acid in the presence of the green colouring

matter of plants this external agent is the sun's rays.

Hence, the cooling eff'ect which results from the feeding of

plants upon their atmospheric food is to a great extent

masked by the fact that the cooling action only takes

place in presence of a potent heating agent—the sun's

rays. Still, let anyone compare the climate of a forest

and of a sandy desert in the same latitude, and reflect

that the difference is partly due to the fact that in the

one case all the heat rays are reflected back, but in the

other case a part of these rays are employed, without

apparent heating eft'ect, in splitting up carbonic acid.

This gives some idea of the cooling action of plant life,

which contrasts so sharply with the warmth of living

animals.
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Let us consider for a moment what chemical changes,

and heat changes, take place after the death of a plant.

Decay and decomposition, which are mostly processes of

oxidation, are accompanied by heating effects. Many
such cases can be called to mmd, such as the heating of

hay in the stack. On the other hand, the surest evidence

of death in animals is the loss of bodily warmth. Thus,

the oijposite functions of plants and animals, with regard to

heat, are more sharply contrasted m the phenomena of

death than of hfe. The contrast must not be pushed too

far, since when decay sets in there is a heating effect with

animals also, though not perhaps so marked as in the case

of plants.

Warmth and power of locomotion we have chosen as two
marked and obvious characteristics of living animals

distinguishing them from plants. The power of loco-

motion which animals possess depends upon their warmth.
The ordinary movements of an animal are made against

some kind of resistance, and when motion is so accomplished
physical work is performed. Physical work is measured
numerically by multiplying the amount of the force by the

distance moved against its resistance. All bodily work
may be expressed in this way. The systematic and
continuous use of the rational and thinking faculties is

often called work, but for present purposes we exclude
brain labour from the scope of the term " work," which we
shall employ in the physical sense only. Plants cannot do
work, animals can do work. Combinations of mechanism
(pulley, screw, lever, &c.) cannot do work, they only vary
the proportion of the two factors of work, distance and
force ; but engines, like animals, actually do work, for an
engine is provided with a source of energy as well as with
a train of mechanism. A steam engine, as far as chemical
science and heat science are concerned, is closely analogous
to an animal. From this point of view, it is an animal
very much simplified. Energy is obtained in the steam
engine and in animals by burning carbonaceous material.

Both the engine and the animal can do work as long as the
same chemical action furnishes them with the same kind
of energy. Without fuel or food both grow cold, and no
work can be done.

By the study of the steam engine, HLrn proved that every
foot-pound of work done entails the disappearance of a defi-

nite quantity of heat between the boiler and the condenser
of the engine. The relation is about one thousand three

hundred and seventy foot-pounds of work for each unit of

heat, as that quantity which will raise one pound of water
one degree in temperature. Roughly, Hirn's method was
as follows :—He determined the total amoimt of heat put
into the boiler from the amount of the water supplied per
diem and from the temperature of the steam. The amount
of heat returned to the condenser was calculated from
similar data. The amount of mechanical work done was
measured by a Watt's indicator. In this instrument the

amount of work done is indicated by the movement of a

pencil point upon a sheet of paper. The position of the

pencil point, which indicates the work done, is determined
jointly by the pressure or force of the steam, and the distance

through which the working piston has moved. The work
registered by the indicator is partly the work done in over-

coming the resistance of the parts of the engine, which we
will call internal work, and partly external work, such as

raising a weight or driving a shaft. Him found that, if he
increased the external work of his engine, there was a
greater loss of heat between the boiler and condenser of

the engine, one unit quantity of heat disappearing for

each one thousand three hundred and seventy foot-pounds
of additional external work. A great variety of methods
has given practically the same value for the mechanical

equivalent of heat, and we may confidently apply the value

obtained to the solution of problems upon the relation of

food and work in animals. In the animal body there is

" internal work " to be done, just as there is in the steam
engine. In neither case can the whole of the heat furnished

by the fuel or food be converted into external mechanical
effect. This would require, in the case of the steam
engine, that no heat at all should reach the condenser, and
that the condenser should be at the absolute zero of

temperature, a condition which it is impossible practically

to attain. In the case of an animal, if all the heating

power of its food were used for external work the tempera-

ture of the animal's body would sink to that of its inanimate

surroundings, a condition obviously incompatible with life.

As a matter of fact, about one-fifth of the energy which the

food develops can be obtained in the form of external

mechanical effect. The rest is required for the internal

work of the body. This is a much larger proportion of

external efl'ect than in the case of a steam engine,

or other heat engine, where the efftciency, or proportion

of the mechanical equivalent of the heat supplied to

the external work done, is more like one-twentieth per

cent.

The heat developed in the body by one pound of the

carbo-hydrates (starch, &c.) has a mechanical equivalent

of about two thousand eight hundred and sixty foot-tons.

One pound of oil or fat is in the same sense equivalent to six

thousand four hundred and fifty foot-tons. About twenty

per cent, of this is available for external work, so that we
may say that if a man is to do three hundred and twelve

foot tons of work he may supply himself with the requisite

store of energy by taking four ounces of fatty food in

addition to the maintenance diet necessary to meet the daily

waste of the body. Three hundred and twelve foot-tons

is about the average amount of work done in a day by an
English labourer, whose dietwould probably comprise about

four and a half ounces of fat. People often puzzle them-

selves why it is that working makes a man hot rather than

cold, seeing that heat is used up to produce mechanical

effect. The analogy of the steam engine will enable us

more readily to explain this apparent anomaly. When a

locomotive is going sixty miles an hour, more work is

being done than when it is going thirty miles an hour.

More heat is converted into work when the engine is

going fast than when it goes comparativelj' slowly ; but no

one would expect the heat in the engine as a whole to

be less when the pace is great. The draught will be

greater and the consumption of coal greater, and so much
greater that, although there will be more heat converted

into mechanical effect by the working of the piston, yet the

engine as a whole will be hotter. It is so also in thexase

of the animal body. When bodily work is being done,

the contracted {i.e., the working) muscle seizes upon a

greater quantity of the oxygen of the arterial blood than

in the case of the uncontracted muscle in its state of rest.

The blood of the veins may contain as much as seven

and a half per cent, of oxygen when the muscles are at

rest, but a working muscle may leave as little as one and

a half per cent, of oxygen in the venous blood. This means
that there must be a corresponding increase in the amount
of carbonic acid given off by the lungs, which in fact may
be as much as five times greater dm-ing work than during

repose. Respiration is deeper and more rapid, more
oxygen is inhaled, the combustion of the food goes on

more quickly, and an increased supply of carbonaceous

food is required to supply the fuel for combustion. Thus
it is that the temperature of the body is maintained during

work, although the work is done at the expense of food

which otherwise would produce animal heat.
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THE ROOT-TUBERCLES OF PEAS, BEANS, AND
VETCHES.-I.

By J. Pentland Smith, M.A., B.Sc.

A
GREAT amount of interest has been excited of late

by the discovery of the function and use of the

nodules which are found on the roots of plants

belongmg to the natural order Ltinaninosce—
plants whose fruit is a pod or legume.

The subject is interesting alike to the botanist, chemist,

and agriculturist ; to the botanist because of the biological

problems connected with it, to the chemist because of the

light it sheds on the complex chemical processes occurring

in the soil, and to the agriculturist from the practical

conclusions to be drawn from the data afforded by purely

scientific investigators. It is a fascinating subject from
whatever standpoint we choose to regard it.

Agriculturists have noticed that the cultivation of one

species of plant on the same soil, year after year, is

detrimental to the well-being of plants ; and they have
found that if crops are grown in certain successions good
yields are the result.

De CandoUe explained this by saying that the roots of

plants excrete into the soil a specific substance, injurious

to crops of the same kind. It became evident, however,

that by a system of rotation, not only were better crops

obtained, but a smaller quantity of manure was required

for their production. Liebig's explanation of the

benefits accruing from a rotation of crops seems more
acceptable than that of De t'andolle—in fact it is now
known, as the result of numerous analyses, to be the

correct explanation : one species of plant abstracts from
the soO larger amounts of certain salts than another.

A short resume of the manner in which a plant furnished

with green leaves obtains its supply of food will form

a fitting introduction to this subject. The essential

materials of plant food are carbon, hydrogen, oxygen,

nitrogen, sulphur, phofsphorus, potassium, sodium, &c.

This has been determined by an analysis of plant tissues

and of the Urinij part of the plant, the protoplasm. They
must either be obtained by means of the roots from the

soil in which the plant is growing, or taken from the air

by the leaves. Experiments have shown that both sources

are drawn on. The greater part of the carbon and oxygen
are obtained from the au- by the leaves, and the soil is the

• storehouse from which other elements are drawn. This is

rather startling when we recall the fact that, estimated

roughly, about four-fifths by volume of the atmosphere is

composed of nitrogen, about one-filth of oxygen, and the

rest chiefly of carbon dioxide (commonly called carbonic

acid gas). It has long been known that the green colouring

matter, chlorophyll, in the presence of bright sunlight,

possesses the power of breaking up carbon dioxide into its

constituent elements, carbon and oxygen ; the carbon and
part of the oxygen being retained by the plant, while the

remainder of the oxygen is given off into the atmosphere.

In performing this function of carbon assimilation the

plant is purifying the air. Though the counter process

of respiration which is going on continuously day and
night has the opposite effect, the oxygen evolved during

the day is in excess of the carbon dioxide produced dm-ing
that time by the respiratory process.

An interesting experiment, de\-ised by Engelmann,
illustrates very forcibly the part played by chlorophyll-

bearing plants in the economy of the world. He projected

a fine spectrum of the sun's rays on a slide containing

a filamentous alga (that is. a thread-like sea- weed), and a

quantity of the bacterium, Bavtenum photometrkum , which

has such a passion for oxygen that it collects in its hosts
at the edge of the cover glass, where there is a greater

supply of that element. The result was the assemblage
of masses of the bacterium in the red-yellow and blue-

violet parts of the spectrum, showing that carbon assimi-

lation was proceeding most actively at these points.

Green plants are thus, by virtue of their possession of

chlorophyll, the converters of the unorganized carbon
dioxide of the atmosphere mto a form available for plant
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Fig. 1.—A filamentous Alg.!. on which the solar spectriuu' has

been projected. (After Engelmann and A'ines.) In llie water are

quantities of the bacterium, Sacffi'ium pIiofomefriciitH. w^hich have
aggregated tuem>*elves in the red-yellow and blue-violet parts of

the spectrum. This bacterium is an oxygen lover, and its accumu-
lation at these parts of the spectrum shows that carbon assimilation

is proceeding most actively in the regions where chlorophyll exhibits

the most marked absorption bands.

food. And in the performance of this function they

convert the kinetic energy of the sun's rays into a potential

form, as Engelmann's experiment clearly shows. This

afterwards, in becoming kinetic, supplies the motive
power whereby the chlorophyllous plant is enabled to

carry on its life processes, just as the potential energy of a

wound-up watch spring, in changing into moving energy,

carries the works of the watch ; or the water, which
dammed up on the hillside is endowed with potential

energy in virtue of its position, assumes the kinetic form
when the sluice is withdrawn, and drives the mill-wheel.

This point is an extremely important one and must not be

lost sight of in the discussion which follows, for according

to this view of the case all non-chlorophyllous vegetable

organisms and all animals must directly or indirectly

prey upon chlorophyll-bearing plants, as they alone can
assimilate the carbon which enters so largely into the

composition of all living bodies. Hence all fungi and
other plants characterized by the non-possession of

chlorophyll must either be saprophytic (i.t., live on dead
organic matter) or parasitic {i.e., prey upon the living

bodies of other plants or animals). It is for this reason

the suggestion has been made that green-coloured plants

were the living forms first evolved from non-living matter,

although this view is negatived by Eay Lankester in his

article on " Protoplasm '' in the EncydoiuFdia Britannka.

The water absorbed by the roots from the soil contains

small quantities of salts of potassium, calcium, kc, in

solution, and this is the source, as previously mentioned,

of the other constituents of protoplasm. These unite with

the assimilated carbon, and the resultant protoplasm is

the last link in the chain of complex organic compounds
formed by their union. The energy of the solar rays is

consumed in the production of plant protoplasm, and the

decomposition of this substance supplies the kinetic energy

that is the motive power of the life processes of all other

plants and of animals.

During the last fifty years Sir John Lawes and
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Dr. (now Sir) J. Gilbert have carried on an elaborate

series of investigations in scientific agriculture at

Eothampstead, which has made that little place famous
and has earned for the authors a world-wide renown.
In the course of then- numerous experiments they

found that in the case of leguminous crops, such as

peas, beans, and vetches, it was impossible to account

Fia. 2.—BlocV made from a photograph of Hoots of ]ioorlv gi'o«Ti

Pea-plauts, \vith badly-dereloped uodales.

in the usual way for the whole of the nitrogen con-

tained in them. It was in excess of what could have

been derived from the rain or the combined nitrogen

of the soil supplied in the manure. An examination of

the root? of these plants, moreover, invariably disclosed

the presence of nodules of various sizes and in varying

quantities, and a chemical analysis of these tubercles

showed them to be rich in nitrogen, and at certain periods

teeming with minute organisms, whose life-history we
shall presently discuss. Fig. 2 is a reproduction of an

actual photograph of the roots of some pea-plants on which,

unfortunately, the nodules are very small. The nitrogen

of the air can be the only source of this extra supply of

nitrogen, yet for years past it had been strenuously denied

that green plants have the power of making use of this

vast inexhaustible reservoir. These results, however, of

two of the experimenters, startling in the extreme, again

brought up the question of nitrogen fixation, and it was

attacked by such men as Berthelot, Hellriegel, Wilfarth

and Warrington. A paper from the pen of Lawes and

Gilbert appears in the Transactions «/' the Eoi/al Societi/

for 1890. It commences with a summary of the results

obtained up to that time. " In prenous papers, of all the

various results discussed, those of Hellriegel and Wilfarth

were considered to be by far the most definite and

significant
;

pointing to the conclusion that, although

the higher chlorophyllous plants may not directly use the

free nitrogen of the air, some of them, at any rate, may

acquire nitrogen brought into combination under the
influence of lower organisms, the development of which is,

apparently, in some cases always coincident with the
growth of the higher plant whose nutrition they are to

serve." The authors then instituted experiments with a
view to confirm these conclusions. They state that these
have amply confirmed the results of Hellriegel, and that
the fixation of fi-ee nitrogen by the growth of the
LeguminosiB under the influence of microbe seeding of
the soil, and the resulting nodule formation on the roots,

may be considered as fully established.

It is thus seen that the excess of nitrogen cannot be
explained by any of the commonly received theories of vege-
table physiology we have in outline explained, and also that
the importance of this source of nitrogen cannot be over-

estimated fi'om an economical point of view. It would
take us beyond the limits of our space to give in anything
like an intelligible manner the life-history of the organism
to whose growth the formation of these nodules is due.
Next month we shall give in detail the facts so far as
known, and illustrate these with reproductions from the
original drawings of Prof. Marshall Ward, who has fully

worked out the subject.

Li the meantime we would briefly call attention to the
important practical bearing of the facts known in coiniection

with the formation of these tubercles. Two or three years

ago. Prof. Vnies, in a paper in the Annals of Botanif,

gave some statistics embodying the results of experiments
undertaken to show the influence of the chemical character
of the surroundings on tubercle formation. From these it

appears that if there is a copious supply of nitrogen in the
form of soluble salts, no tubercles, or at least only a few,

are formed. And Lawes and Gilbert state, in the paper
already referred to, that the evidence of experiments seems
to indicate that there is a less development of nodules when
the soil is rich in combined nitrogen ; while Hellriegel,

who agrees that leguminous plants do make use of soil

nitrogen, considers that by the aid of the tubercle-forming

organisms they draw upon the free nitrogen supplied by
the air, and that the formation of the tubercles is, within

certain limits, inversely proportional to the supply of com-
bined nitrogen in the soil. It appears that something like

this at least is the case, and we can at once see how im-

portant is a knowledge of the process going on from an
agricultural point of view. At present agriculture in

England is in a precarious condition, in which any know-
ledge which may lead to an economy in the supply of

manure will be welcomed. The most expensive manures
are generally those containing nitrogen, manures such
as nitrate of soda and farmyard manure. Tha latter,

however, contains only a small percentage of nitrogen

in a readily available form. Heavy clay soils and very

porous soils would not be much benefited by the

application of artificial nitrogenous manures, as they

require that added, which will make the one less and the

other more tenacious in character. But although farm-

yard manure is cheap in itself, yet the cost of putting it on
the soil is considerable, especially if a large area has to be

treated ; but in such cases the growth of leguminotis crops

may be resorted to. To quote from the Gardeners' Chronicle

of 7th May, 1892 ;—
" In our own comitry Mr. Mason, of Eynsham Hall,

Oxfordshire . . . has devoted about two hundred acres

to the practical application of the recently- acquired know-
ledge in regard to nitrogen fixation. Stated in a few words,

this idea is to reduce the area under roots and to grow
instead mixed crops of Leguminosie—beans, various clovers,

&c.—liberally manured with basic slag and kainit (manures
which contain phosphorus and potassium especially) and
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to convert the produce in the first year into sUage, and in

the second into bay. The land is thus occupied for two

years, and the assumption is tliat in this way highly

nitrogenous crops will be obtained with mineral, but with-

out the highly-expensive nitrogenous manures, and that

the land will be left in high condition for the growth of

saleable crops, such as potatoes or grain, which require

nitrogenous manuring. In other words, the plan is to

grow nitrogen-accumulating crops for home consumption,

and afterwards uitrogen-cousuming crops for sale."

THE FACE OF THE SKY FOR MARCH.
By Herbert Sadler, F.R.A.S.

SUNSPOTS show but little, if any, diminution in

number. The zodiacal light should be looked for

after sunset in the west, during the absence of the

Moon. A conveniently observable minimum of

Algol occurs at 9h. 24m. p.m. on the 17th.

Mercury may be observed as an evening star during the

first week of the month. On the 1st he sets at 7h. 21m.
P.M., or Ih. 44m. after the Sun, with a northern declination

of 1° 26', and an apparent diameter of 8", about VVths of

the disc being illuminated. On the 8th he sets at 7h. Om.
P.M., or Ih. 10m. after the Sun, with a northern declination

of 2° 32', and an apparent diameter of 9|", rather less

than Jj^^ °^ ^^^ *^i^^ being illuminated, and his brightness

being about one quarter of what it was on February 18th.

After this he approaches the Sun too closely to be visible,

coming into inferior conjunction on the 14th. While
visible he describes a looped path in Pisces, a little to the

east of the 6th magnitude star 22 Piscium.

Venus is a morning star, and is fairly well placed for

observation. She rises on the 1st at 5h. 18m. a.m., with

a southern declination of 6° 59', and an apparent diameter

of 54^", TTo'-l^s 0^ •'1^6 "i'sc being illuminated, and the

apparent brightness of the planet being about equal to what
it was on February 2nd. On the 12th she rises at

4h. 43m. A.M., with a southern declination of 8° 46', and

an apparent diameter of 46^'', tVo*-1is of the disc being

illuminated, and the apparent brightness of the planet

bemg about equal to what it was on January 23rd. On
the 22nd she rises at 4h. 20m. a.m., with a southern

declination of 9° 23', and an apparent diameter of 49^", |ths

of the disc being illuminated, and the apparent brightness

of the planet (she being now about her greatest brilliancy)

being slightly less (in the proportion of 204 to 218) to

what it was on January 11th. On the 81st she rises at

4h. 5m. a.m., with a southern declination of 9° 3', and an
apparent diameter of 34", .^-^ths of the disc being

illuminated, and her brightness being about equal to what
it was on January 22nd. During the month she describes

a direct path in Aquarius, being about 3° south of the 2i

magnitude star p Aquarii on the morning of the 15th, and
about 1° south of the 5th magnitude star f Aquarii on the

morning of the 19th. She does not approach any other

naked-eye stars very closely.

Mars is invisible for the observer's purposes.

Pallas {cf. " Face of the Sky for February"), is still

visible, though she decreases in iDrightness to the 7th mag-
nitude by the end of the month. On the 1st her R.A. is

9h. lO^m., southern declination 9° 44'. On the 15th her

R.A. is 9h. 7m., southern declination 3° 32'. On the 31st

her E.A. is 9h. 10m., northern declination 2° 46'. She
thus pursues an almost perpendicular path through Hydra,
starting from the S.W. of Alphard, and crossing to 6 Hydrse.

On the last day of the month at transit she will be in the

same field of view with the last-named star, 19° of arc

following it on almost exactly the same parallel of declina-

tion. As the Moon will be absent, this will be a capital

opportunity, if the night proves fine, for picking up Pallas,

as she transits about 8h. 30m. p.m. A notice of the

various measures which have been made of the diameter

of this minor planet will be found in " Face of the Sky
for April," 1890.

The minor planet Ceres comes into opposition with the

Sun on the 7th, at a distance from the earth of about

159 million miles, the planet appearing as a star of the

7th magnitude. On the 1st her E.A. is lib. 45|^m.,
northern declination 20° 14'. On the 15th her R.A. is

lib. 33gm., northern declination 21° 32'. On the 31st

her R.A. is llh. 21m., northern declination 22° 7'. At
transit on the 5th she will be only about 12' of arc •>> /» the

4-^ magnitude star 93 Leonis. During the month she

describes a slightly curved retrograde path from a little to

the west of this star in the direction of S Leonis. An
account of the various estimations of the dimensions of

this minor planet will be found in " Face of the Sky for

May," 1890.

'The minor planet Vesta, the largest of all the asteroids,

comes into opposition with the Sun on the 6th, at a distance

from the earth of about 125 millions of miles. She then

appears as a 6| magnitude star, falling to the 7th mag-
nitude by the end of the month. On the 1st her R.A.
is llh. 3Hm., northern declination 14° 55'. On the 15th

her R.A. is llh. ISJm., northern declination 16° 41'. On
the 31st her R.A. is llh. S^m., northern declination

17° 55'. She thus describes a retrograde path in Leo
from a point just three degrees almost due west from ^,
towards S, being at transit on the 9th just 15' of arc due
north of the 5^ magnitude star 85 Leonis. For measures
of the diameter of Vesta, cf. " Face of the Sky for

January," 1890.

Jupiter, though still the most brilliant object in the

evening sky, should be looked for as soon after sunset as

possible. He sets on the 1st at Oh. 37m. a.m., with a

northern declination of 18° 16', and an apparent equatorial

diameter of 37-2". On the 15th he sets at llh. 53m. p.m.,

with a northern declination of 18° 48', and an apparent

equatorial diameter of 35j". On the 31st he sets at

llh. 4m. P.M., with a northern declination of 19° 29', and
an apparent equatorial diameter of 34|". During the

month Jupiter pursues a direct path in Taurus, through a

region barren of naked-eye stars. At about a quarter past

nine p.m. on the 25th a 10^ magnitude star will be about
70" north of Jupiter ; on the evening of the 26th an 8^
magnitude star will be situated about 1' " p the planet,

and at about lOh. p.m. on the 30th a IO5 magnitude star

will be about i' of arc north of Jupiter. The following

phenomena of the satellites occur while the planet is more
than 8° above and the Sun 8° below the horizon :—On
the 1st a transit egress of the third satellite at 8h. 20m.
P.M., and a transit ingress of its shadow at llh. 28m. p.m.

On the 2nd a transit ingress of the first satellite at 9h. 27m.
P.M., and of its .shadow at lOh. 44m. p.m. On the 3rd an

occultation disappearance of the first satellite at 6h. 47m.
p.m., and its eclipse reappearance at lOh. 14m. 34s. p.m.

On the 4th a transit egress of the shadow of the first

satellite at 7h. 26m. p.m., and an occultation disappearance

of the second satellite at 9h. 3m. p.m. On the 6th a

transit egress of the second satellite at 6h. 35m. p.m. ; a

transit ingress of its shadow at 6h. 40m. p.m., and its

transit egress at 9h. 3m. p.m. On the 8th a transit ingress

of the third satellite at lOh. 26m. p.m. On the 10th an
occultation disappearance of the first satellite at 8h. 46m.
P.M. On the 11th a transit ingress of the shadow of the

first satellite at 7h. 8m. p.m. ; a transit egress of the first
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satellite at 8h. 9m. p.m., and of its shadow at 9b. 21m. p.m.

On the 12th au ecHpse reappearance of the third satellite

at 7h. 17m. 59s. p.m. On the 13th a transit ingress of the

second satellite at 6h. 54m. p.m., of its shadow at 9h. 18m.

P.M., and a transit egress of the satellite at 9h. 20m. p.m.

Ou the 18th a transit ingress of the first satellite at 7h. 54m.

P.M., of its shadow at 9h. 4m. p.m., and a transit egress

of the satellite at lOh. 8m. p.m. On the 19th an eclipse

reappearance of the first satellite at 8h. 34m. 37s. p.m.,

and an eclipse disappearance of the third satellite at

9h. 30m. 16s. p.m. On the 20th a transit ingress of the

second satellite at 9h. 40m. p.m. On the 22nd an eclipse

reappearance of the second satellite at 8h. 26m. 5s. p.m.

On the 25th a transit ingress of the first satellite at

9h. 54m. P.M. On the 26th an occultation disappearance

of the first satellite at 7h. 15m. p..m., and of the third

satellite at 9h. 3m. p.m. On the 27th a transit egress of

the shadow of the first satellite at 7h. 41m. p.m. The
fourth satellite is in inferior conjunction at 3h. 29m. a.m.

on the 16th, and at llh. 18m. p.m. on the 29th ; in superior

conjimction at 4h. 37m. p.m. on the 4th, and at Oh. 13m.
p.m. on the 21st.

Saturn is an evening star, rising on the 1st at 9h. 27m.
P.M., with a southern declination of 7° 1', and an apparent
equatorial diameter of 18|" (the major axis of the ring

system being 42" in diameter, and the minor 10"). Ou
the 12th he rises at 8b. 41m. p.m., with a southern declina-

tion of 6^ 46', and an apparent equatorial diameter of 18-4"

(the major axis of the ring system being 42^^" in diameter,

and the minor 10'). On the 31st he rises at"7h. 18m. p.m.,

with a southern declination of 6° 15', and an apparent equa-
torial diameter of 18i" (the major axis of the ring system
being 42|" in diameter, and the minor 9J"). Titan is at

his greatest eastern elongation at 4h. p.m. on the 12tb
;

lapetus at superior conjimction at 4h. a.m. on the 20th
;

and Titan at greatest elongation at 2h. p.m. on the 28th.

Saturn describes a short retrograde path through a very
barren region of Virgo.

Uranus is now an evening star, rising ou the 1st at

llh. 34m. P.M., with a southern declination of 16° 2', and
an apparent diameter of 3-8". On the 31st he rises at

9h. 30m. P.M., with a southern declination of 15° 51'.

During the month he pursues a short retrograde path in

Libra, to the E.N.E. of a' a- Libr^.
Neptune is still an evening star, but should be looked for

as soon after simset as possible. He souths at 6h. p.m.

on the 1st, with a northern declination of 20° 35', and an
apparent diameter of 2-6". On the 31st he souths at

4h. 3m. P.M., with a northern declination of 20° 40'.

During the mouth he describes a short direct path in

Taurus. A map of the small stars near his path wiU be
found in the EwjUsh Mechanic for December 29th, 1893.

There are no very well-marked showers of shooting stars

in March.
The Moon is new at 2h. 18m. p.m. on the 7th ; enters

her first quarter at 6h. 28m. p.m. on the 14th ; is full at

2h. 11m. P.M. on the 21st; and enters her last quarter
at 8h. 28m. a.m. on the 29th. She is in apogee at 4h.
P.M. on the 1st (distance from the earth 251,620 miles),

in perigee at 6h. a.m. on the 17th (distance from the
earth 229,230 miles), and in apogee at noon on the 29th
(distance from the earth 251,130 miles). At 3m. past
midnight ou the 16th the 6j magnitude star to- Cancri
win be occulted at angle from the north point of 88°, and
will reappear at Oh. 37m. a.m. at au angle, of 314°. At
4h. 5m. A.M. on the 23rd the 1st magnitude star a Virginis
will disappear at an angle of 123°, and reappear at 5h. 16m.
A.M. at an angle of 297°. At Ih. 47m. a.m. on the 24th
the 6^ magnitude star B.A.C. 4700 will disappear at an

angle of 109°, and reappear at 3h. Ini. a.m. at an angle of
318°. At 2h. 32m. a.m. on the 26th the 5th magnitude
star 2 Scorpii will disappear at an angle of 125\ and
reappear at 3h. 52m. a.m. at an angle of 282°

; the 6th
magnitude star B.A.C. 5255 will disappear at 2h. 58m.
A.M. at an angle of 130°, and reappear at 4h. 17m. a.m.
at an angle of 275°; at 3h. 6m. a.m. the 6th magnitude
star 3 Scorpii will disappear at an angle of 85°, and
reappear at 4h. 19m. a.m. at an angle of 320°. At
2h. 25m. a.m. on the 15th the 5th magnitude star
136 Tauri will make a near approach to the Moon's
southern limb, at an angle of 185°, the star being about 2'

away. On the 21st the 3^ magnitude star /3 Virginis
will make a near approach to the Moon's northern limb,
at an angle of 29°, the distance being about 2^'.

By C. D. LooooK, B.A.Oxon.

If 1.

1.

1.

Dual after 1.

CoMMUNioATiONs for thls column should be addressed to
C. D. LococK, Burwash, Sussex, and posted on or before
the 12th of each month.

Solution of Problem No. 9.

Key-move—1. Kt to B5.

. K X P, 2. Q to R2ch.

. P X Kt, 2. Q to Ktsqch.

. KtxP, &c. 2. Kt to Kt5ch.

. P to Bo by 2. Q to Kt7 (Author) or
2. Q to B2ch.

Unfortunately this dual occurs in the main variation.
" Chat " alone has discovered the composer's intention.

Solution of Problem No. 10.

Key-move— 1. Q to B3.

If 1. . . . K toK5, 2. KtxBPch.
1. ... P to QKt5, 2. Q to B3ch.
1. ... P to KKt5, 2. Kt to B4ch.
1. . . . Kt (Esq) moves, 2. Kt to B7ch.
1. . . . Kt (Kt6) moves, 2. Q to Q4ch.

CoREECT Solutions received from the following :

—

Seven Points.—Chat.

Six Points.—Kt. J., H. Holmes, Semper, Guy, E. W.
Brook, B. G. Laws, A Norseman, A. C. Challenger, J. H.
Christie, A. E., L. Bourne, W. T. Hurley.

No. 9 is correctly solved by H. S. Brandreth, and No.
10 by Alpha.

It is satisfactory to find that, in spite of the gaps caused
by Nos. 6 and 7, so many solvers are continuing the fight.

With the exception that Mr. Adcock apparently retires,

and that " Chat " takes the seventh place, the positions of
the leading solvers are practically unaltered.

M. Kaizer.—Thanks for the game, which you will find
below.

L. Bourne.—We suggested, two months ago, defences to
the keys you give for Nos. 4 and 5 {vide January number).
It is therefore your turn to mate in two moves (if possible)
after those defences. If you cannot, the suggested key-
moves do not hold good. Black must be allowed to make
his best moves.

Semper.—Apart from a curious key and defence to a
good "try," we do not remember any particular merit in
the problem you mention. Probably many solvers mistook
the " try " for the key.



72 KNOWLEDGE. [March 1, 1894.

Position No. 11.

" Pearl of the Garden."
Bl^CE (10).

Whitk (13)

White mates in three moves.

Position No. 12.
" Slender."

Black (9).

vVhitk (/;.

White mates in three moves.

Position No. 13.
" Invicta."
Black (7).

mm m m^

White (10).

White mates in three moves.

The following game was recently played in the tourna-

ment of the Liverpool Chess Club :

—

" KuY Lopez."
Whitb Black

(M. ICaizer). (F. C. Howard).

1. P to K4 1. P to K3
2. P to Q4 2. P to Q4
3. Kt to QB3 3. Kt to KB3
4. P to K5 4. KKt to Q2

5. P to B4
6. PxP
7. P to QR3 (b)

8. Q to Kt4
9. Kt to B3

10. B to Q3
IL P to KR4
12. Q to Kt3
13. B to Q2
14. BxKt
15. Kt to K4
16. Castles (/-)

17. B to B8
18. Kt to BGch
19. PxB
20. Q to Kt5
21. P to B5! (/,)

22. PxPch
23. Q to K3 !

5. P to QB4
6. Kt to QB3 (")

7. BxP
8. P to KKtS (c)

9. P to QR3
10. Q to B2 (,/)

11. P to KR4 (r)

12. Ktto Kt3? (
/)

13. Kt to B5 ('/)

14. PxB
15. B to K2
16. P to QKt4
17. Castles (/)

18. BxKt
19. B toKt2 (/)
20. K- to R2
21. QR to Qsq
22. PxP

Resigns (/)

Notes.

((/) The best move, as more than once pointed out in

this column. Black reserves the option of capturing the

Pawn with either Bishop or Knight, according to cir-

cumstances.

(/') Some players prefer 7. Kt to B3, or 7. B to K3.
The move made compels the capture, and prepares for

B to Q8 by preventing Kt to Kt5.
(f) Black's play up to the thirteenth move is very weak.

He should castle at once, and follow it by the advance of

the KBP.
((/) Having made his last move he should continue with

10. ... P to QKt4, with a \-iew to P to Kto or Q to Kt3.
(c) 10. . . . Kt to Bsq should be better than this.

(/) Almost anything would be better, ..//., 12. ... P
to QKt4, or 12. . . . Kt to K2, or 12. .

.'
. B to R2 or

K2 with a view to Kt to QB4.
(f/) And now 13. . . . B to Q2 should have been played.

(h) He might have played his next move now, and
possibly castled on the other side.

(/) Marching straight into the lion's mouth. 17. . . .

B to Q2 would enable him to castle on the Queen's side if

he castles at all. Probably he feared Kt to QGch.

(j) There is no time for this. Perhaps his best chance
lay in 19. ... R to Qsq, trying afterwards to bring his

Q to KBsq if possible.

(A) A pretty finishing touch. White threatens B to Q2.
(I) Whether he move the King or not the reply 24. Kt

to Kt5 is fatal. Mr. Kaizer played the whole game in

good style.
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GROUND-SLOTHS.
By E. Lydekker, B.A.Cantab.

SUFFICIENTLY protected from all attacks on the

part of the wolf-like marsupials, and such other
large carnivorous mammals as may at the same
period have roamed over Argentina, the pigmy
glyptodont of the Santa Cruz beds of Patagonia

could have had difficulty iu maintaining its existence

against foes of all kinds, and subsequently giving rise to the

gigantic mailed monsters which we endeavoured to describe

in our last article. Side by side with this well-defended

creature there lived, however, another not less remarkable
mammal, of nearly similar dimensions, and likewise

belonging to the great order of edentates, then, as now, so

characteristic of South America. This creature had, how-
ever, no such coat-of-mail as that which defended its

contemporary (though there is a possibility that some bony
granules may have been imbedded in its undefended skin),

and as it appears to have been equally devoid of weapons
of offence, while it did not derive protection from an
arboreal life, it may be a matter of wonder how it managed
to fight its way through the struggle for existence. That
it did so is, however, perfectly clear, since the pigmy
ground-sloth, as the animal in question may be called, is

clearly the ancestral type from which were subsequently
evolved those gigantic edentates of the Pleistocene deposits

of the Argentine scientifically known by the names of

Megatherium, Mylodont, etc., but which may be collectively
designated ground-sloths. These, although unprotected
by any means of defence, being among the most gigantic
of mammals had, it is needless to say, no diificulty in
holding their own ; and it is only with regard to their
pigmy ancestors that we have any cause for wondering
how they managed to survive. Possibly, however, these
pigmy gi-ound-sloths were burrowing creatures, like the
great anteater of the present day, and lived in holes
excavated by their powerful claws ; and if this should be
the case, the difficulty as to their survival vanishes.

Sloths are, however, such essentially arboreal creatures,
as characteristic of the Brazilian forests as are squirrels

and dormice of our own woods, that our readers will want
to know what we mean by using such an apparently con-
tradictory term as ground-sloths.

To justify ourselves, and at the same time to enable our
readers properly to understand the structure of these
strange extinct edentates, we must enter into a short
dissertation on the subject of sloths, and likewise of their

distant cousins the anteaters.

The external form and long shaggy hair of the sloths are
too well Imown to require description, and we accordingly
pass on to draw attention to certain peculiarities in regard
to their skeletons and teeth which will aid in explaining
the reason for the term ground-sloths. In the first place,

then, sloths (which, as all our readers are doubtless aware,
are comparatively small animals) are characterized by
their peculiarly short and roimded heads, which have an
almost spherical form. If we examine the skull of one of
these animals, we shall find, as in those of other members
of the same order, a total absence of front teeth ; while
the cheek-teeth comprise five pairs in the upper, and four

in the lower jaw.

Those who recall our article on " Armadillos and Aard-
Varks," published in an earlier number of this journal,

will not fail to recollect that in all edentates the teeth are

devoid of the hard enamel so characteristic of those of

other mammals. In the sloths we find that the teeth form
short cylinders, of which the outer layer is harder than
the central core, in consequence of which their grinding
surfaces become slightly cup-shaped. In the three-toed

sloths (
Bradypus) the whole of the teeth are of this

extremely simple type ; but in their two-toed cousins
[Chohepits) the first pair in each are longer than either of

the others, and are modified into a somewhat tusk-like

form, the upper ones wearing against the front of the

lower ones so as to produce by mutual attrition an oblique

bevelled sm-face at the top of each. The limbs of the

sloths are remarkable for their length and slenderness,

but the front pair are much longer than the hinder ones.

The narrow and cui-ved feet terminate in long hooked
claws, which in the three-toed species are three in number
in each foot, although in the fore feet of the two-toed
sloth they are reduced to a pair ; in fact, the feet are

reduced to the condition of little more than hooks,

admirably adapted for suspending the animal back-down-
wards from the boughs of trees, but forming poor
instruments for terrestrial progression, sloths when on the

ground walking slowly and awkwardly, with the soles of

the feet turned inwards, and the weight of the body
supported on their outward edges. It is important to

notice that in the skeleton of the feet the terminal bones,

or those ensheathed in the long claws, are not longitudinally

grooved on the upper surface.

The South American, or true anteaters, one of which
is terrestrial, while the other two are more or less arboreal

in their habits, are so unlike the sloths that it is difficult

to believe they have any near relationship with the latter
;
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and, indeed, were it not for the extinct creatures forming
the subject of the present article, it would have been very
difficult to discover how close the connection between these

two groups really is. In place of the short and rounded
heads of the sloths, the anteaters have the head greatly

elongated and very slender, while the thin jaws are totally

devoid of teeth, and the tongue is long, cyhndrieal, and
highly extensile. There is, however, some degree of

variation in regard to the degree of elongation of the
skull, the maximum development occurring in that of the
great anteater. If possible, a still greater difference

obtains in the structure of the feet, the fore foot of the

great anteater having five toes, of which the middle one
is vastly more powerful than either of the others ; while
all but the fifth have strong claws. In walking, the
extreme outer side and part of the upper surface of the
fore foot are applied to the ground ; but in the hind foot,

which has the fourth toe the largest, and all the five digits

furnished with claws, the whole of the short sole touches
the ground in the ordinary manner. An important
difference from the sloths is to be found in the circum-
stance that the bones of the terminal joints of the feet

have a longitudinal median groove on the upper surface

at their tips.

With these preliminary remarks on some of the leading
featin-es of the sloths and anteaters, the reader will be in

a position to appreciate the peculiarities in the structure

of the ground-sloths, and likewise to understand the
appropriateness of the name by which they are designated.

Apparently the first of these extinct animals known in

Europe was the giant ground-sloth, or Mefiatherium, of

which a nearly complete skeleton was discovered in the
year 1789 near Lujan, in the province of Buenos Ayres.
This skeleton was soon after sent to Madrid, and described
by Cuvier in 1798, who gave to the animal to which it

belonged the name by which it has ever since been known.
If we desired to be hypercritical, we might convict the
great anatomist of not having formed this name accordmg
to strict rule, for it ought clearly, as in the analogous
instance of Mei/alosauriis, to have been Me(jalotherium,

instead of Meiiatherium ; but let this pass. Cuvier recog-

nized the aftinities of the megathere to the sloths ; and
other skeletons subsequently obtained fi-om the Pleistocene

deposits of Buenos Ayres, and which are now in the

museum of the Eoyal College of Surgeons, the British

Museum, and the museums of Milan, Paris, and La Plata,

have in their turn served to confirm the general truth of

the original determination.

One of the most gigantic of land mammals, measuring
somewhere about eighteen feet in total length, the
megathere, although having a rather more elongated
skull, agrees with the sloths in the number of its

teeth. In structure, however, these teeth, of which
the four lower ones are represented in the accompanying

a length of over ten inches, and a diameter of fully

an inch and a half. The summit of each individual

tooth carries a pair of transverse ridges, produced by
the alternation of vertical plates of diii'erent hardness m
the tooth itself ; and since the teeth are rootless and
grow continuously throughout the life of their owner,
this transversely-ridged structure is likewise permanent.
To contain such enormous teeth, the lower jaw is remark-
ably deepened in the middle of its length, where it

descends suddenly. The long median channel shown in

our figure extending between and in front of the anterior

teeth, is e\-idently for the reception of a large and fleshy

tongue, which from its size was probably extensile like

that of the giraffe.

If we had only the megathere to deal with, we might
have some hesitation, judging from the skull and teeth

(which in the group are the only portions of the skeleton

showing sloth-like affinities), in regarding the group of

animals to which it belongs as closely allied to the sloths.

Fortimately, however, the same Pleistocene deposits of

Buenos Ayres (to say nothing of the caverns of Minas
Geraes, in Brazil) have yielded us remains of other and
somewhat smaller ground- sloths, known as mylodonts,

Fio. 1.— Upper surface of the Lower Jaw of the Megathere.
One-eighth natural size. (After Owen.)

figure of the lower jaw, are decidedly different to those

of the sloth. In form they are square prisms, with

Pig. 2.—Under view of the Skull of a Mvlodont.
One-sixth natural size. (After Owen.)

which effectually bridge, in these respects, the gap
between the megathere and the sloths. In these animals,
as shown in our second illustration, the teeth are either

cylindical or triangular in section ; and from having a
harder external coat, wear in the same cup-shaped manner
as those of the latter. Moreover, in some mylodonts
the front pair of teeth in each jaw have the elongated

tusk-like form and oblique wear characterizing those of

the two-toed sloth, while in others they resemble the

hinder teeth, as in the three-toed sloth. We thus have
an exact parallelism in this respect among the mylodonts
to the two genera of sloths ; and as their skulls in

their more rounded and shorter form, and the absence

of a descending expansion in the middle of the lower

jaw, are likewise more sloth-like than is the skull of

the megathere, we can have no hesitation m regarding the

ground-sloths, so far as cranial characters are concerned,

as closely allied to the sloths. It may be added that the

great divergence of the two series of teeth in our figured

mylodont skull indicates the presence during life of a

tongue of great width and size.

Thus far we have been showing how the ground-sloths are

related to the sloths in the characters of their skulls ; but

other members of the group, known as the scelidotheres

(Scelidotheyiiim), although still retaining the same number
of teeth, show a certain approximation in these respects to

the anteaters. Thus their skulls, instead of being short

and broad like those of the mylodonts, are very long and
narrow, and have the muzzle much produced in advance



SKELETON OF THE GIANT GROUND-SLOTH OR MEGATHERE. From Lujan, Buenos Ayres.

This Specimen, which is in the British Museum, measures about eighteen feet in total length.
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of the anterior teeth. Indeed, it would require only a

still greater elongation and narrowing of the skull of a

scelidothere, coupled with the total loss of the teeth, to

produce one very similar to that of an anteater.

So far as we are aware, palreontologists have not yet

been able to trace a complete transition from the gigantic

ground-sloths of the Pleistocene deposits of Buenos Aj-res

to their diminutive representatives from the older Tertiary

deposits of Patagonia, although it is known that some of

the species from the intermediate forms were inferior in

point of size to their more recent allies. It is, however,

very interesting to find that the pigmy ground- sloths of

these Patagonian deposits had transversely-ridged pris-

matic teeth like those of the megathere, and not the

cylindrical or ti-iangular ones of the mylodonts, scelido-

tiieres, and megathere ; thus apparently indicating that

the former type of tooth is the oldest. The contrast

between the pigmy ground-sloth and the giant ground-

sloth (Megatherium) is. however, most remarkable. The
total length of the skeleton of the former was only about

three feet ; while its skull was less than six inches, whereas
the skull of the megathere was over a couple of feet in

length. Then, again, the whole series of live upper teeth

occupy in the pigmy ground-sloth a space of less than an
inch and a half, or less than the diameter of a single tooth

of its gigantic relative. That such a diminutive creature,

if as naked and undefended as its huge cousin appears

to have been, needed some special protection, is pretty

evident ; and it is the need of such defence from attack

that has led us to suggest that the creature may have
lived in holes excavated by its powerful claws.

Leaving for a moment the mutual relationships and
affinities of all these dift'erent animals, we have to direct a

short glance at the skeleton of the body and limbs of the

ground-sloths. In the first place, this difi'ers from that of

the sloths in the shortness and extreme massiveness of the

limbs, and especially in the extraordinary stoutness and
width of the bones of the hind leg and pelvis. In the

general form of the scapula or blade-bone, and more
especially in the presence of a complete pair of clavicles or

collar-bones, the ground-sloths resemble the sloths and
differ from the anteaters ; the clavicles of the latter being
rudimentary. The skeleton of the fore foot is, however,
essentially that of an anteater, the inner toe being

rudimental. the next three, and more especially the middle
one, being enormously enlarged and furnished during life

with huge claws, while the outermost was small and
clawless. That during life the creature rested on the

outer side of this fifth claw and the backs of the three

large ones, in anteater fashion, may, fi'om the structure and
arrangement of their bones, be considered certain. UnUke
the anteater, in which, as we have seen, it rests upon the

sole, the hind foot of the Pleistocene groimd-sloths is

even more strangely modified than the front one, these

creatures walking only on its outer edge, while the

enormous middle toe, with its gigantic claw, does not

appear to have touched the ground in walking and was
thus always kept sharp. The first toe is wanting, and the

second rudimentary, while the two outer ones were rela-

tively small and unpro\'ided with claws. Some idea of the

gigantic proportions of the megathere may be gathered
from the circumstances that its hind foot measures nearly
a yard in length. Of the pigmy ground-sloths of Patagonia
the complete skeleton has not yet been described ; but so

far as our recollection of a specimen in the La Plata
Museum carries us, we believe that it was not of the
extremely specialized type characterizmg the gigantic
forms. Moreover, while in the larger forms the terminal
joints of the feet were neither grooved nor split at the

extremities, in the small Patagonian species these were
deeply cleft at the end, after the fashion obtaining in the
scaly anteaters or pangolins of India and Africa. As
regards the structure of the vertebral column, the ground-
sloths exhibit certain peculiarities distinctive of the ant-

eaters, and which are only rudimentary in the sloths.

When we add to the foregoing brief survey of the chief

structural peculiarities of the skeleton of the extinct

edentates forming the subject of the present article the
circumstance that, from their enormous size, they must
necessarily have been terrestrial in their habits, we are in

a position to realize the appropriate nature of the term
ground-sloths by which they are designated. These
creatures may, in fact, be briefly described as edentates

having a skull, teeth, and shoulder-girdle very similar to

those of the sloths ; while as regards their back-bone and
feet they come very close to the anteaters, although in

the later and more gigantic forms the specialization

characterizing the fore feet of the latter has been extended
to the hinder pair.

We now come to the interesting question of the mutual
relationships and phylogeny of the three groups of eden-

tates discussed in the course of the foregoing paragraphs.
Now, in the first place, we shall have little hesitation in

regarding the pigmy ground-sloths, which are the earliest

known representatives of the group, as the direct ancestors

of the gigantic megathere. A modification in the struc-

ture of the teeth would equally well permit of their having
likewise been the ancestors of the mylodonts, which, as

we have seen, possess sloth-like teeth. This, however,
will not permit us to regard the mylodonts as having been
the forerunners of the sloths, seeing that the latter have
a less specialized type of hind foot ; and we must
accordingly regard the sloths as being a side-branch

derived from the pigmy ground-sloths or some nearly

allied form after the acquisition of cylindrical teeth, but

before the hind foot had acquired the specialization

characterizing the mylodonts and megatheres. Hence the

curious structural similarity between the front teeth of

some of the mylodonts and the two-toed sloth must be

another instance of that parallelism in development to

which a special article has already been devoted.

With regard to the anteaters, we have already seen

that the fore foot of these animals resembles that of the

pigmy ground-sloths in that the terminal joints of the

larger toes are marked by a longitudinal groove repre-

senting the cleft of those of the latter ; and as in both

groups the middle toe is the largest, there is no reason

why the anteaters should not trace their origin to these

same pigmy ground-sloths or a closely allied type. In

this case the specialization has resulted in a lengthening

of the skull and the loss of the teeth, the hind foot having
retained more or less of the primitive type. Here, like-

wise, we must notice that the resemblance presented by
the skull of the scelidotheres to that of the anteaters

must be regarded as an instance of parallel development.

From the structure of their teeth, the ground-sloths

were evidently vegetarians ; and the same may be said

of the sloths, which are animals specially modified for the

exigencies of a purely arboreal existence. On the other

hand, the anteaters, as their name implies, have given up a

vegetable diet and taken to living on ants, and to this may
be attributed their total loss of teeth. Should germs of

teeth ever be found in their jaws during an early stage of

existence, we venture to predicate they will approximate

in structure to the teeth of the ground- sloths.

Thus ends our survey of the structure and relationships

of the extraordinary monsters forming the subject of this

article
;
but we cannot conclude without saying a few worda
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as to their probable mode of life and external appearance.
As regards the latter, it may be suggested that since both
sloths and anteaters are clothed with a thick covering of
coarse hair, it is highly probable that the same held good
in the case of their extinct relations. Further, from their

massive proportions, and also from their kinship to the
sloths, it is most likely that the ground-sloths were as slow
and deliberate in their movements as the latter. That
such monstrous creatures could not have existed in a tree-

less country like the Argentine pampas has been already
indicated in the first of the series of articles of which the
present is the conclusion, and we may hence assume that
in the days of the ground-sloths Argentina was much like

what Brazil is at the present day. Browsing on the leaves
and probably on the smaller branches of forest-trees,

the ground-sloths doubtless obtained their food by rearing
themselves up against the trunks, supported on the tripod
formed by then- massive hind limbs and powerful tail, the
ponderous structure of the pelvis being eminently adapted
for maintaining the body in such a posture. The same
massiveness of structure conclusively proves that the
creatures were not arboreal, since no tree capable of being
climbed could carry such an enormous weight. It was
suggested, mdeed, by Owen that the megathere was in the
habit, when reared up in the manner indicated above, of
clasping a tree in its arms and swaying it backwards and
forwards until it fell with a crash to the ground ; but
although such a radical mode of procedure may have been
occasionally resorted to, we have no right to assume that
such was the ordinary habit of the ground-sloths.

THE MAKING OF DIAMONDS.
By Vaughan Corkish, M.Sc, P.C.S.

THE reproduction of the diamond by M. Moissan
has put the coping-stone to the work of miueral-
ogical synthesis. For some years past it has
been thought that the solution of this problem
was merely a matter of time and patience ; but it

is no little satisfaction to be able to say at last that the
thing has been done, for it is indeed a striking illustration
of the power over stubborn mattei; which is won by the
patient student of science. In the light of what has now
been accomplished, it may not be without interest to refer
to what was written in this journal on the subject of the
production of diamonds previously to the work of M.
Moissan. In Knowledge for May, 1891, at the conclusion
of an article on " The Artificial Production of Eubies,"
the matter was referred to as follows :—

" The great problem in the artificial production of gems
is the preparation of the diamond In the case of
other minerals the successful production has generally
only been achieved after a minute study of the mode of
natural occurrence, and this has afforded guidance as to
the best means of imitating the natural process of forma-
tion. It is only of recent years that the diamond has
been found in its original matrix, so that materials have
been wanting on which to base experimental methods.
The chemical nature of the body, a combustible substance,
is so different from that of the ruby and most other gems,
which are oxides or oxidized materials, that the methods
to be eruployed for its production will probably involve the
application of different principles. There is no reason,
however, to regard the problem as insoluble. When
sufficient guiding data have been obtained, skill will not
be wanting to imitate in the laboratory the conditions
under which Nature has worked in the formation of this
most beautiful product of the mineral world."

What some of these determining conditions might be
was indicated in a subsequent paper on "The Diamond
Mines of South Africa," which appeared in Knowledge for

October, 1891. " To the mineralogist the chief interest

of the South African mines lies in the fact that the ' blue
rock ' or kimberlite appears to be the original matrix
of the diamond It is worthy of note that

a black shale forms one of the surrounding rocks,

and pieces of this shale have been found baked and other-

wise altered in the blue rock. The suggestion has been
thrown out that the diamonds were formed by the altera-

tion of the carbonaceous matter of the shale -under the

iyijiuenre of a moderately high temperature and great pressure.

Such indications are useful as affording suggestions to the
experimentalist, to whom in spite of previous failures we
must look to tell us definitely how the diamond is formed."

If the diamond be highly heated in the presence of

oxygen it takes fire, as is well known, and burns with the
formation of carbonic acid. If it be heated not in contact
with oxygen it swells up and blackens, reverting to the
ordinary charred form of carbon. But the action of heat
upon bodies is in many cases very different when they are

subjected to high pressure, a principle established by Sir

James Hall more than one hundred years ago in his cele-

brated research on the conversion of chalk into marble,
one of the achievements of experimental geology, described
in Knowledge for July, 1891.

As will be seen, M. Moissan invoked the aid of pressure
to modify the action of heat in his experiments, and pro-

duced diamonds from charcoal, a substance of the same
nature as the "shale" which occurs in the Kimberley
rock. The foi-mation of crystals is, as a rule, best brought
about either by sublimation or by cooling a solution.

Carbon, however, cannot be distilled or sublimed, and is

insoluble in all ordinary solvents, such as water or aqueous
solutions of acids and alkalies, or in liquids such as alcohol,

ether or benzene. On the other hand, molten metals can
take up or dissolve carbon to a not inconsiderable extent,

as happens, for instance, in the well-known process of

iron-smelting. The molten iron in the blast furnace
dissolves some of the carbonaceous fuel, a part of which,
when the iron is allowed to cool and sohdify, crystallizes

out in plates of graphite.

This is an example of the production of a crystalline

form of carbon from a non-crystalline variety, and it is at

the same time an instance of the artificial formation of a

mineral.

M. Moissan, in his experiments, employed iron as a

solvent for carbon, which was in the form of charcoal

;

but he modified the action of heat and the solvent by
subjecting the carbon-saturated iron to considerable

pressure. It may be noted here that M. Moissan finds the

principal constituent in the ash of the native diamond to

be oxide of iron. It is known also that native diamonds
often contain liquefied gases in cavities of the crystal, and
that they are sometimes liable to spontaneous disruption,

owing to a state of strain which is probably due to their

having been formed under high pressure.

In an earlier series of experiments, iron melted by
means of an electric furnace, and raised to a white heat,

was allowed to saturate itself with carbon in the form of

strongly compressed sugar charcoal. The crucible in

which the operation was conducted was then plunged into

cold water, which cools the outer portion of metal so as to

form an outer la_ver of solid iron. While this outer coating

is still red-hot the crucible is withdrawn from the water,

and the cooling proceeds more slowly. To realize what
goes on within the jacket of solid iron, we must remember
that the stiU hquid interior is molten iron, containing a
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large excess of dissolved carbon, and that iron expands in

the process of solidifying. Hence, during the process of

solidification within the jacket or crust of chilled metal,

great pressure is exerted. The process of solidification,

therefore, goes on slowly and under great pressure, and
examination of the resulting product showed that, under

these changed conditions a part only of the surplus

carbon had crystallized out as graphite, and that in the

residue left after dissolving away all the iron by means of

boiUng hydrochloric acid and other solvents there was a cer-

tain quantity of a denser form of carbon (having a specific

gravity of 3 to 3'5), and hard enough to scratch a ruby
;

and that among these heavier portions of the residue were

transparent particles, having a greasy or waxy lustre, and
marked with parallel strise and triangular depressions.

These transparent particles burnt when heated to 1050° C.

in oxygen gas, and as it appeared, with the formation of

carbonic acid ; but the particles were too small to allow of a

quantitative experiment. Similar results were obtained by
the slightly modified method of rapidly cooling an ingot of

molten iron saturated with carbon from a temperature

of 2000° C. In a few cases small fragments were obtained
" qu'ils resseniblent anx petites fragments dc diamant trans-

parents que nous avons rencontres dans la ' terre bleu' du Cap"
(Comptes rend/us, February 6th, 1894). The result may be

summed up by saying that, up to the date of the experiments

described in the above quoted paper, M. Moissan appears

to have succeeded in reproducimj that transparent variety of

carbon of which native diamonds are composed. The
specimens could hardly be called diamonds, although they

showed certain characters of the native diamond

—

e.g., a

waxy lustre, and parallel strife and triangular depressions

on the surface.

Since the experiments above described, a happy modifi-

cation of the method employed has given results of a far

superior kind, perfect diamonds being formed, having the

distinctive physical peculiarities of the native stone, and of

sufficient size for M. Moissan to prove by quantitative

chemical experiments upon some of the specimens that

they burnt with the formation of pure carbonic acid. In

the course of experiments made in former years by other

experimenters using other methods, transparent crystalline

bodies were obtained which were thought to be diamonds,

until their failure to satisfy the carbonic acid test showed
that the crystalline particles were not composed of carbon.

Moissan's modified method is as follows :—Iron is

saturated with carbon at the white heat of an electric

furnace, and under pressure. The crucible containing the

molten iron is then quickly lowered to the bottom of a bath

of melted lead. This ensures quicker cooling than when the

iron is plunged in water, owing to the fact, first, that the

white-hot iron does not really come into contact with the

water, and secondly, that the lead is a good conductor and
carries away the heat rapidly. It seems that the two

liquid metals behave towards one another much as oil and
water, and the molten iron collects in spherical globules

which rise to the surface of the molten lead, the difierence in

the specific gravity of molten iron and of molten lead being

of course very considerable. The surface of the drops of

liquid iron which float upon the surface of the lead quickly

solidifies, the smaller drops with a diameter of one to two
centimetres first, the larger drops after a lapse of a longer

time, and the solid little balls of iron are left to float on

the molten lead where they cool down. The interior of

the balls is of course liquid long after the formation of

the solid crust. The tendency of the central parts to

solidify is resisted by the solid crust, owing to the fact

before mentioned, that iron expands in the act of solidifi-

cation. Meanwhile a part of the carbon crystallizes out

from its solution in the liquid iron. After a time, aa the

cooling goes on, the lead also solidifies, and the little iron

balls are left imbedded in the ingot of lead. Then begins

the process of getting at the small quantity of the car-

bonaceous material which it is desired to examine. The
lead which adheres to the iron is dissolved away with

nitric acid, the iron itself is dissolved by hydrochloric acid,

and further treatment with suitable solvents leaves the

sought-for residue, a small quantity of material left after

the tedious process of removing by slow chemical means
the relatively large mass of metal.

Transparent diamonds are found in the residue having

well-defined crystalline faces, striated and marked in the

well-known way, and the edges generally curved ; they

have the high refracting power, the specific gravity, and
the hardness of the native stone. The peculiar form known
as the hemiliedral predominates amongst these crystals aa

in those of native diamonds, and their formation under

pressure is found to give rise to the phenomena of anoma-

lous polarization of the light which passes through them,

as well as occasionally to spontaneous disruption ; charac-

ters which, as has been mentioned, are sometimes noticed

in the native stone. The diamonds are of course small

;

one with a diameter of half a millimetre appears to be

reckoned a fine specimen. Further practice in working

the process will probably enable larger specimens to be

obtained, as has been the case with the production of

rubies, which are now produced of a size sufficient to be

used in the jewelling of watches.

However this may be, the production of diamond ia

now an accomplished fact, achieved by the patient skill

of the same worker who, seven years ago, successfully

overcame the great experimental difficulties which had

rendered fruitless the many former attempts to isolate the

chemical element fluorine.

STINGING INSECTS. -III.
By E. A. Butler.

(Continued from page 56.)

ALL the stinging insects hitherto described have

carried their weapons at their tail, where they

form an instrument more or less closely connected

with the process of egg-laying. Our third group

of so-called stingers, for in this case the epithet

is hardly accurate, comprises those that make punctures

with their mouth organs, and often cause much pain and

inflammation by so doing. The insects, in fact, feed on

animal juices, and the " stings " are the necessary results

of their attempts to obtain food, and do not form incidents

in a hostile demonstration. All the members of this group

belong to two orders—the Diptera, or flies, and the

Hemiptera, or bugs. Taking the former first, we may
remind our readers that we have on former occasions, in

the articles on various household pests, discussed at some

length the so-called "bites" or stings of some of the

greatest sinners in this direction, viz., gnats, mosquitos,

fleas, and the stinging house-fly (Stomoxys), and these

details need not be repeated here. But there are a few

other flies that are often very troublesome in the same way,

though they do not enter our houses, but only pimish us

when we invade their domains in woods or marshes. One

of the most noted of these has such a blood-thirsty appetite

that it has been named Hamatopota, i.e., blood-drinker.

It is an inhabitant of damp spots in woods, and though

plentiful enough, is hardly likely to be noticed till painful

experience in the shape of a sharp and sudden prick on

hand or neck awakens us to consciousness of its presence.
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It is a cruel-looking, grey-bodied insect, with speckled

wings, and somewhat smaller and slenderer than a blue-

bottle fly. During life its eyes are strongly suggestive of

an evil nature, for they are green, with three or four

crimson bands across them. Their brilliancy, however,
disappears after death.

This fly, which is sometimes called the cleg, belongs to

a family of e\'il repute, the Tabanidce, which, from their

persecutions of farm quadrupeds, have acquired, as a group,

the name of horse-flies. Kirby mentions a striking instance

of the severity of the attacks of these creatures. He was
driving with another entomologist through Cambridgeshire,
when the horse became " bathed in blood flowing from
minute wounds made by the knives rnd lancets of various
horse-flies." The larger members of the family are also

known as gadflies, a name that has the misfortune of

being applied to other flies as well, which are troublesome
to cattle as internal parasites, and whose life-history,

therefore, is totally difl'erent from that of the Tahayiida.

Much confusion has thus originated, and can only be
avoided by using the scientific instead of the popular name.
It must, therefore, be clearly understood that throughout
this paper, when using the term gadfly, we are speaking

of the non-parasitic gadflies of the genus Tahanus, and not
of the parasitic ones of the genus (Estrus, which belong to

quite a different family, and have no stinging power at all.

The Tabani have further acquired the name of breeze-flies,

in consequence, it is said, of the loud buzzing they make
during their rapid and headlong flight. These larger kinds
are not nearly so common in this country as the cleg, and
it is fortunate, at least for our cattle, that such is the case,

for with their larger size is associated a proportionately

severer bite. There is, however, this to be said in their

favour, that, in consequence of their buzzing, you know
when they are coming, and can be on the look-out. Such
is not the case with the wretched little cleg, which has a
silent and almost stealthy flight, giving no warning of its

appi'oach, but settling on the skin in a calm and determined
way, though with so gentle a touch that the victim is quite

unconscious of its presence, if its arrival does not happen
to have been seen. It does not run over the skin seeking
a good place for attack, but sets to work at once at the
spot on which it has alighted. By the time the prick is

felt, the six lancets with which the mouth is furnished
have already been plunged deep into the skm, and are
fixed therein so firmly that, unless the fly chooses to with-
draw them, some little force is needed to dislodge the
creature. The after efl'eet of the puncture seems, as is

generally the case with punctures of this sort, to vary with
the sensitiveness of the person attacked. To some it

causes only temporary irritation, in others it produces
swelling and inflammation which do not subside for some
days.

In the articles on gnats and mosquitos above alluded to,

we pointed out that the persecuting power is characteristic

of one sex only ; the males are harmless and inoffensive,

and it is in the feminine mouth that all the virulence
resides. The same is true of the Tabanidai : the males
have much smaller mouth organs than their partners, and
have two lancets less, the knife-like mandibles being absent,
and they regale themselves with sweets from flowers instead
of blood. It is not a little remarkable that in the case of
all the insects we have already dealt with, whether the
power of irritation resides in the head or the tail, it is

without exception the females, whether prolific or abortive,

that possess the persecuting power. To this rule, however,
the Hemiptera, which we shall consider presently, constitute
an exception ; in them both sexes possess and use the
piercing bristles.

Fia. fi.— CTolden-eye {Chrysops

crBcuHeiis). Magnified two dia-

meters.

Another very brilliant but exceedingly vicious member of
the Tabanidm is the " golden eye " {Chnjsups ccecutiens)

(Fig. 6). It is a trifle larger than the cleg ; its black body
has an orange band at the

base, interrupted with _ V
black markings ; its wings
have a dark cloud along
the margin, a dark band
stretching across the
middle, and another
smaller one towards the tip.

Even in these parts it is a

handsome insect, but it is

in the eyes that its greatest

glory lies. On seeing the creature for the first time one

can hardly suppress an exclamation of admiration and
delight, as one gazes at the blaze of brilliance with which
the eyes sparkle—-it is as though the brightest of gems
were set in glowing masses over the head ; the ground
colour is brilliant golden-green, and scattered over this on

each eye there are five deep crimson or purple spots. The
hind border of the eye also is set with the same intense

colour, and then, as with a gem, there is a change of the

appearance as it is regarded first from one point of view

and then from another. Like the cleg, this fiery creature

is silent in its flight, and the first hint of its proximity is

its own brilliant self seen calmly resting, perhaps, on one's

coat-sleeve. If this be so we can afford to admire it at

leisure, but if it should have dropped silently down on to

the bare flesh, the first involuntary thought of admiration

will soon be banished by a sharp twinge of pain, and we shall

hasten to shake or brush oft" the offender, heedless of its

gems and their lustre. The mouth organs in all the female

Tabanidx form a vicious-looking beak pointing downwards
from beneath the head, and as the antennae also have a

rather cruel aspect, being short and stiff and curled upwards
like little horns, the face of the insect forms a pretty good
index to its character.

The gadfly of the ox (Tabanus bovinus) is a very fine

insect, the bulkiest of all our British Diptera. Like its

brethren it has a broad, flattish body, each segment of

which is dark at the base and pale at the apex ; in the

centre the pale margins expand into pale triangles, which
form a line down the middle, and by their artistic effect

take off something of the otherwise awkward breadth of

body. The larva of this fine insect is a footless grub
which lives underground, where it appears to feed on the

roots of plants and vegetable refuse. While still under-

ground it changes into a spiny chrysalis, and when about

to become a perfect fly this chrysalis works its way up
through the soil by means of its spines and bristles. In
this resting stage it is of course blind, like pupnsin general,

and how it knows in what direction to move so as to reach

the surface must be left to conjecture. The larva is full

grown in May, and the perfect fly appears during the

summer, when it becomes a great plague to cattle in

districts where it is common, by piercing their hides by
means of its powerful set of six lancets, and sucking their

blood. This is certainly a strange revolution in tastes ;

that an insect which in early life is a nibbler of roots

should become in adult age a sucker of blood is hardly

what would have been expected, though it is by no means
an alteration without parallel amongst the order Diptera.

A change from solid to liquid food is necessitated by the

altered form of the mouth organs, but still there are plenty

of vegetable juices available, and it would have seemed
more natural had some of these been selected. There are

several other species of Tahanus, which closely resemble

the gadfly in form and adornment, and which are some-
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times mistaken for it. The true cattle pest may, however,

be distinguished by its comparatively gigantic size ; it

attains a length of about an inch, and has an expanse of

wing of at least two inches, and this is a very large size

for a British fly. It flies with a loud hum, and wheels

round its prey in large circles before commencing the

attack. The female lays some four hundred or five

hundred eggs, which are deposited on grass stems, and

the larvfe when hatched wriggle down and work thenselves

beneath the soil, where they soon find appropriate food.

A degree of fecimdity such as this may well cause this

insect to become an intolerable nuisance in any district in

which it is well-established, not only to cattle, but to human
beings as well, for it is quite ready to attack mankind.

Fortunately it is by no means common in this coimtry,

and we are therefore tolerably free from molestation.

But even the gadflies have had their apologists. In the

days when the "apothecary's ' chief instrument was the

lancet, and blood-letting was regarded as the universal

panacea for human ills, it is scarcely surprising that the

idea was entertained that the attacks of gadflies on cattle

were not altogether an unmixed evil, but that in-fact, by

their phlebotomy, these insects might even be a valuable

preventive of disease in full-fed animals, and that their

incessant attacks, by keeping the cattle in constant move-

ment, were useful in giving them needed exercise, and

thus holding in check such diseases as might be generated

by indolence and repletion.

In this connection may be mentioned that terrible pest

of Central Africa, the tsetse fly. Though such a fearful

scourge, it is but a small insect far inferior to the gadfly

in size, and indeed not much larger than an ordinary

house-fly. According to Livingstone, its attack produces

no immediate eft'ect on the cattle, and symptoms of con-

stitutional derangement do not appear till a few days after

the puncture has been made. The eyes and nose then

begin to run, and swellings appear under the jaws ;

though the animal continues to graze, it becomes thin and

starved in appearance, and its flesh becomes flaccid and

feeble. Some perish at an early stage with staggering and

blindness, as though the brain were affected ; others linger

on, becoming more and more emaciated, until at last they

die of extreme exhaustion, all the organs of the body being

more or less diseased.

There is a most remarkable section of the fly order,

which contains flies parasitic upon v.'irious mammals and

birds ; some of them, like the bat-louse and sheep-tick,

have no wings, and their popular names reflect the

mistakes that have thence arisen as to their zoological

position. Though their habits are those of lice and ticks,

they are yet true flies—very extraordinary ones, it is

true, but still none the less members of the order

Diptera though they have no wings. Some near relations

of theirs may be appealed to in support of this contention ;

the bird-louse or fly (Ornithomijia) and the horse-louse or

fly {Hippobosca) are in shape of body and general habits

very much like the sheep-tick, but they have the usual pair

of wings of dipterous insects. These insects live upon the

blood of their hosts, which they suck up through a fleshy

tube leading into the mouth, composed of the labium and
maxiUse and provided with piercing bristles. On the death

of their host they forsake it at once, and proceed to seek

for another ; when on this search the bird-louse is not always

particular as to the animal from which it shall elect to

take its next draught, and if unlucky man should fall in

the way he will become the victim. Hippohosca equina is

a great pest to horses, settling on them as they pass

through woods, and running in spirited fashion over

their bodies in search of those parts that are least covered

with hair. These found, they plunge theii- straight beak
through the skin and greatly u-ritate the quadruped.
Swishing with the tail, the horse's only method of dislodg-

ment, is not very eflective, because the flies cling so tightly,

and have such tough bodies. By far the most remarkable
facts connected with these insects are those that concern
their reproduction. They are not prolific, the female pro-

ducing no more than a single egg at a time ; there is,

however, a good reason for this slow rate of increase, for

the egg is not actually laid when fertilized, but is retained

within the body of the mother, where the larva is hatched
and remains during the whole of its larval life. During
this time it is fed on a milky secretion furnished within
the mother's body, and of course it grows a good deal, and
the body of the mother, which is sac-like without evident

segmentation, expands to accommodate it. Thus there is

no room for more than a single egg. As soon as the

immured grub has assumed the pupa state, it is deposited

by the mother as a large, soft, white, roundish body which,

but for its size, might easily pass for an ordinary egg.

As we have seen, however, it is really a pupa, or rather

puparium, since, according to fly custom, the real pupa is

enclosed in the last larval skin. The apparent eggs, then,

laid by the flies of this division are not really eggs at aU,

but pupae, and hence the group has been named "Pupipara,"

i.e., bringers forth of pups.
Brief reference may now be made to the Hemiptera.

All of these insects possess four piercing bristles in a

gutter-like labium, which constitutes a sort of beak, usually

carried, when at rest, bent backwards beneath the head.

They aU feed upon liquids, derived either from animals or

plants, the latter being by far the most usual source

of supply. As a consequence, only a very few species

ever trouble mankind, for even amongst those that are

animal feeders it is the rarest thing for man to be the

animal selected, and indeed it is usually by accident that

such an event happens. Of course there is the bed-bug,

which seems to have permanently attached itself to man-
kind, but beyond this no species can be spoken of as other

than quite an occasional and incidental assailant. We
have sufficiently discussed our bedroom pest on former

occasions, and need now therefore only notice the other

species that are likely to trouble us. These are almost

entirely to be found amongst water insects, two of which
are all that call for notice. The first is the water boatman
[Sotonecta ylauca),a, well-known inhabitant of ponds, which

swims on its back, oaring its boat-shaped body about with

the utmost vigour by means of its flat and fringed hind

legs, and every now and then resting at the surface with

the tip of its body just out of the water for breathing

pui-poses. It is a strong, active, and rapacious insect,

wielding an iron rule over the other inhabitants of the

pond ; of course it does not eat them, since it has no

biting jaws, but it hugs them tight, digs its beak into

them, and sucks out their juices. It is a bold and

enterprising insect, and very much objects to having its

liberties curtailed, so that if caught in a

net and then taken into the hands, it is

not slow to manifest its indignation by

a sharp prick with its beak ( Fig.7.) This,

however, can hardly be intended for

taking food, but must be regarded as

a defensive act. The pain is acute

at the moment, but it soon passes oft",

and no after ill eS'ects are perceived.

The other insect is a closely allied

species, of a dark olive-brown colour,

broad and flat instead of narrow and

deep, as the boatman is. It is not so

Fiff. 7.—Head of

Water Boatman, with
beak extended, a, an-

tennae ; i, beat; e, eves.

Magnified three dia-

meters.
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Fig. 8 —Nobis
rtmhotus. Magni-
fied two and a half
diameters.

common as Notomctu, and as it lurks amongst pond weeds,
is rarely seen except when taken in a net ; it appears,

therefore, to have no popular name, but is scientifically

known as Naucon's ciinicoidi's. Its behaviour is much
the same as that of Xotonecta, save that it swims back
uppermost, and the pain of its prick is at least as acute,

if not more so, and hence most persons would instinc-

tively di-op it as soon as they felt the prick, under the
impression that a real sting had been received.

The only terrestrial species of Hemiptera that has been
found to give a painful prick with its beak is a very common
insect found amongst low herbage, such as tufts of grass,

rushes, stinging-nettles, &c. It is called Xahis limbatus

(Fig. 8), and is a long, narrow, brownish insect, with long,

slender legs, and rudimentary wings.

The female has the body considerably

dilated, and marked above with pale

orange stripes, which contrast prettily

with the more sober colouring of the other

parts. Like the other members of its

genus, it is active and predaceous, feeding

on the juices of other insects. Only one
instance has been recorded of its attacking

man, and that was under the most excep-

tional conditions, when the equanimity
of any insect might be expected to be

disturbed. In 1889, Mr. Eardley-Mason
wrote as follows to the Entomologist's

Monthly Mai/nzine:—•" On 1st Heptember
last, feeling a sharp sting on my neck,

I hastily put up my hand to catch the offender, when,
instead of a wasp, it proved to be a Nahis limhritus. The
sensation was precisely that of a wasp's sting, and the

appearance also. The swelling, however, was not nearly

so great, and in two hours both it and the irritation had
subsided. The insect, I imagine, had been trapped between
my neck and shirt collar, and had resorted to its rostrum
as a weapon of defence." Such an experience is cer-

tainly very rare, and I have myself handled hmidreds
of these insects without ever having been stung. It

was no doubt the awkward position in which the insect

found itself that led it to behave in such an unprecedented
way.
Our final group of stinging insects consists of caterpillars

with glandular hairs, such as those of the brown tail and
gold tail moths, and the processionary moths of the Con-
tinent. As we have already described in detail the powers
of these insects in the recent articles on caterpillars, it will

be imnecessary to enlarge upon the subject here, and we
need only remind our readers that these stings of the

fourth class are the only ones that are, as it were,

accidental, and independent of the will of the insect, being

brought about by the mere contact of an external body
with the hairs. Nevertheless, in result they are as

painful as the bites and stings already referred to, and
give rise to even greater irritation. These are the only

group, too, in which the effect may be produced without
actual contact with the insect itself; merely holding the

head over a box containing the caterpillars is sometimes
sufficient to produce considerable swellings and much
irritation, no doubt because of fragments of the hairs

tioating about in the atmosphere.
A word may be added with reference to the accompany-

ing plate. The figure of the gadfly, magnified about three

and a half diameters, will speak for itself, as we have
described it above. The flattened body, the pale margins
of the segments, expanding in the middle into pale

triangles, and the forked antenmi?, will serve to distinguish

it from other two-winged fljes. This insect, it will be

remembered, carries its weapons around its mouth. The
three bees, typical of insects whose weapon is in the tail,

represent the " sexes " of the hive bee {Apis mellijica),

magnified about one and a half diameters. The bulky
body, meeting eyes, and longer antenna^ and wings, at

once distinguish the drone or male bee. The queen being

monandrous, and one impregnation lasting her lifetime,

only one drone is really required for each queen, so that

the annual production of drones is far in excess of actual

requirements ; and as the queen is caught by her partner

in the air, the successful suitor is likely to be one of the

finest of the brood, and thus the quality of the breed is

maintained. Under ordinary circumstances the drones

are of course stingless, but since hermaphroditism occa-

sionally occurs amongst bees as amongst other insects,

drones with sting and poison gland complete may be met
with—in fact, various admixtures of the sexual peculiarities

occur, such as specimens with drone abdomen and thorax

and worker head, and the converse ; or, more remarkable
still, with drone abdomen and thorax and one half of the

head worker and the other half drone, as well as the

converse of this.

THE GREAT SANITARY LESSON OF THE
CRIMEAN WAR.

By G. B. LoNGSTAFF, M.A., M.D.Oxon., F.R.C.P., &c.

WAR is a great CNil, some would go so far as to

say the greatest of all evils ; but, bad as it is,

horrible as it is, we owe many good things to

war, some that few dream of.

It is now forty years since the armies of

France and England pitched their camps on the plateau

before Sebastopol. The winter of 1851-5 caused unspeak-
able sufferings to many thousands of brave men. Did they
suffer in vain ? By no means, but it is quite certain that

very few people know in what way we to-day are benefiting

from the hardships they endured in those terrible days.

I will quote from one who was there, who studied the

object-lesson deeply, who barely escaped with his life,

but who lived long after to give to his countrymen in a

most practical form the results of his painful studies.

•J. Netten Radcliffe, late Medical Inspector of the Local
Government Board, wrote : "The Crimean war was one
of the most important agencies concerned in the develop-

ment of sound sanitary method and practice in this

country "
; and he went on to say that its sanitary lessons

constitute, probably, the most important legacy left to the

nation by that war.''=

" The great catastrophe which befell the British army
in the Crimea during the winter of 1854-5 was no novelty

in our military history, but it occurred under circumstances
very different from any that had ever before presented

themselves in the wars waged by this country. It

occurred at a time when the country had been thoroughly
aroused [especially by the cholera epidemic of 1819] to a

sense of the supreme importance of the health of the

population as affecting the welfare of the nation, and was
prepared to take an intelligent interest in all questions

relating to the subject. It occurred also under circum-

stances of publicity such as had never attached to an army in

the field before Then England learnt for the first

time how strangely it had misapprehended the requirements
of the soldier. By the electric telegraph, the facility of

* " Sanitary Fundamentals." Two lectures deliTered at the Royal
Naval College bv J Netten Radeliffc, afterward" published in The
Practitioner.



GADFLY (Tabanus bovinusj, the largest British species of the genus.

With its strong and well-developed mouth organs, wliich are beneath the head and cannot be seen in the specimen, it pierces the hides of
cattle and sucks their blood. Its enormous masses of compound ejes will be noticed oceupving nearly the whole of the surface of the head. The
two hom-like objects projecting from the front of the head are the antennte. Tlie first two pairs of legs were bent under the bodv in the
specimen photographed, and only the knees of the first pair can be seen. One of the halteres, or balancers, the substitutes for hind-wings in the
Diptera, can be seen as a knobbed stalk just above the left hind leg.

QUEEN BEE. WORKER BEE.DRONE.
(Apis meUiJica).

The queen is the^mother as well as the ruler of the hive, being the only perfectly developed female present

;

her long, pointed abdomen distingiiishes her. She is furnished with a sting. The drone is the male bee, and may be
known by his broad, bulky body, and longer antennae ; he has very large eyes, which meet on liis forehead, and large and
powerful wings. Both of these peculiarities give him an advantage in mating with the queen in the air ; by his superior

sight he can see her at a distance, and by the strength of his wings he can rise above her. He is stingless, and his legs

are not provided with the means of collecting pollen, so that he rarely, if ever, visits flowers. The worker is the smallest

of the three, and being an imperfectly developed female, is provided with a sting. The workers have depressions on the

hind legs for carrying poUen, and by them all the work of the hive is performed.
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correspondence given by steam power, and the marvellous

intelligence of the daily press, the most intimate life (so to

speak) of the Crimean army was laid open to the English
public from the time of its leaving these shores to the time
of its return The forces had barely landed on a

foreign soil, when an uneasy consciousness that all was not
as it should be began to possess the public mind The
suspicion grew wit'' the progress of the war, gaining

strength from uiie e\'ents at Varna, and on the beach near

Eupatoria, the night after the descent upon the Crimea.

The horrible deadlock at Scutari quickly followed, and
doubt was at an end. With amazed indignation the

British people saw an utter absence of organization in the

general hospitals, lepartment clashing with department in

hopeless confusioL, and official routine setting at nought
the dearest interests of the soldier and honour of the

country. It witnessed the wounded of Alma, of Balaclava,

and of Inkerman, and the rapidly increasing sick from the

camp before Sebastopol, crowded together without order

or decency, and wanting even the sheerest necessaries

amidst an apparent profusion of stores, and within cannon-
shot of a great city. It witnessed these gallant men rotting

away amidst revolting filth and neglect; the vast buildings

in which they were housed converted into foul pest-houses
;

the medical staff helpless amidst the trammels of sense-

less regulations ; and the military authorities deaf to

remonstrance, and placidly replj'ing to all protests that

they had no official information of the state of things being
such as the public press represented it to be.

" Then the indignation of the people broke forth. It

intervened, with a force which could not be said nay to,

between the sick and wounded and the authorities. From
its abundance th.^ nation poured out whatever was needed
to give its mail led and helpless soldiers ease, comfort,

and the hope of life." The Tiiiws organized this spontaneous
outbreak of public feeling ; and Florence Nightingale

appeared upon the scene, and " dispelled the hideous gloom
which had gathered around the sick and wounded at

Scutari, and extended its shadow to every hearth in the

kingdom."
To Miss Nightingale's book, " Notes on Hospitals," we

owe scarcely less than to her heroic work at Scutari ; but
even she could have eftected little but for the noble ad-

ministrative work of Sidney Herbert. The reports of the

Barrack and Hosj)ital Improvement Commissioners—of

whom Captain Douglas Galton is still with us as an
active labi nrer—laid down priucipleg which must remain
true for all time, and which have been of incalculable

benefit to -ivilians no less than to military men in many
countries '• sides our own. It is probably no exaggeration

to say th no barrack, workhouse, hospital, infirmary,

asylum, o even large school has been erected in the last

thirty years that is not indebted in a greater or less

degree to the reports of that Commission.
In those days the duties of the army medical officers

were officially confined to the treatment of the sick and
wounded ; as regarded preventive measures they were
helpless. Before our troops sailed from England, and
again in the early autumn in the Crimea, warnings were
littered by the chief medical officers, who were well versed
in the medical histories of earlier campaigns, but they
were curtly ordered to mind their own business. Now-a-
days the main duty of the army surgeon is held to be the
preseriation of the health of the troops committed to his

charge, and the Professor of Jlilitary Hygiene is not the
least important teacher in the Army Medical School at

Netlc , English generals, now-a-days, constantly consult
their principal medical officers, with the best results for

all under their command.

When the pitiless Russian winter fell upon our troops

it found them clothed in summer garments, with no better

shelter than their bell-tents, in which the men huddled

together for warmth. Crowding engendered typhus ; the

personal uncleanliness, scarcely avoidable under the cir-

cumstances, brought forth vermin. The lack of vegetables

and delay in serving out lime-juice caused an outbreak of

scurvy, and the scurvy-stricken soldiers, with spongy and
bleeding gums, could scarcely gnaw the hard biscuit, their

only bread. There were no definite sanitary regulations,

and matters were aggravated by the men being exhausted
by work in the trenches, so that we are told that the

camps became " diffused cesspools "
; naturally dysentery,

camp-diarrhsea, and enteric fever were added to th^ other

plagues.

The cup of misery was filled to the brim before the

Royal Commissioners arrived upon the scene. The results

which followed the adoption of their recommendations
were startling in the extreme. " The hospitals were

quickly reduced to order and efficiency, and the health of

the men speedily rallied. From month to month the

physical vigour of the troops improved, notwithstanding

the harassing duties of the siege, and the evil sanitary

condition in which, at the best, they were too frequently

of necessity placed ; and before the end of the war the

remarkable spectacle was presented of an army maintaining

a higher degree of health in the field, in presence of the

enemy, than when comfortably housed in barracks at home
during peace.'

But who were the Commissioners ? and what were their

methods ? They were Robert Rawlinson and Drs. Hector

Gavin, John Sutherland and Ga\-in Milroy. They came
fresh from the sanitary organization of England, under

the first Public Health Act (of 18-18), and they simply

found a state of affairs practically indistinguishable from

that prevailing in the slums of London, Liverpool, Leeds,

and Glasgow, crowded as they had been by fugitives from

the Irish famine of 1847. " There was the like privation,

with the like results; the like unutterable filth, again with

the like results ; the hke close packing together of the

living, still with the like results ; the like squalidity of

person, clothing, and surroundings, again and again with

the like results "—typhus, scurvy, diarrhoea, vermin.
" With the introduction of proper food, scurvy presently

ceased, and with the cleansing and better ordering of the

camps and hospitals, typhus, dysentery, and diarrhfea

practically vanished ; by the adoption, in fact, of the same

sort of sanitary measures which it was sought to make
common in our towns and villages at home, diseases which

were at that time and still, although happily to a less

extent, are the curse of our crowded communities, dis-

appeared fi-om the army, and the men reached the

remarkable pitch of health which I have already described.

And this result, it must be remembered, was brought

about with the troops occupying the same positions which

they had occupied since the beginning of the siege

—

positions around which of necessity had been deposited

the accumulated filth of the occupation, and all the dead,

human and brute, for which a resting-place had to be

found."

It was at that time the tradition of the Navy to allow

the naval surgeon more discretion in preventive measures,

and it is satisfactory to be told that the naval brigade

suffered much less than the soldiers ; it never got into so

deep a slough, and recovered it more rapidly when better

times came.
But it will be asked. How about the French? Put very

shortly, this is what happened. At the commencement of

the operations the French troops settled down to camp
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life much better than ours ; tbey showed a greater capacity

for adapting themselves to the new conditions, although
in this respect they fell short of our sailors ; they were
more provident in proceeding at once to make good
roads from their landing-place to the front ; they were
conspicuously better cooks, and it is even said that they
feasted upon what our men threw away. Once more,
I cannot do better than quote Mr. Radcliffe's words.
" Yet there was still another tragedy to be enacted in

the Crimea before the war ceased. I have already
spoken of the French army as suffering less than the
British from the sicknesses incident to the campaign
during the winter of 1854-55, and I have more than once
referred to the better organization of our allies, in view
of field service, at the beginning of the war. There can
be little doubt that to this better organization, and to the
greater adaptability for campaigning displayed by the
French soldier during the first period of the war, the
comparative immunity of our allies from the sufferings

which crippled the British forces was owing. But after

the termination of the first winter, and during the time
that the British army was recovering from the state into

which it had been plunged, and was proceeding step by
step to that extraordinary pitch of health and efficiency I

have described, the strange spectacle was presented of the
French army gradually sinking into a state of misery and
disease, which eventually, in the winter of 1855-5G,
equalled, and indeed, if it were possible, surpassed what
had been witnessed in the British army the preceding
winter. A more startling contrast was never contem-
plated than that presented by the English and French
camps and the English and French hospitals during the
winter of 1855-56. On the one side—the French—was to

be seen a gallant army melting rapidly away from
privations and from typhus, dysentery, scurvy, camp-
diarrhoea, and other deadly ailments ; camps degenerated
to the lowest depths of negligence and filth ; hospitals from
which all semblance of hospital care and order had gone,
and which were equally deadly to patients and attendants.-

As in the Crimea, so in the Bosphorus ; the scenes which
had been enacted in the British hospitals at Scutari in the

winter of 1854-55 were now re-enacted in the French
hospitals in Constantinople in the winter of 1855-56.
But there the resemblance ended. With the coming of

the spring of 1856 there was no arrest of the diseases

which were sapping the marrow of the French army, such
as there had been in the case of the British army the

preceding year ; and when peace was declared, the entire

disablement of the French forces from privations and
sickness appeared to be imminent."

Towards the close of the siege the Russians suffered

also very severely from typhus, and when the army after

the conclusion of the war was distributed over the country,

it carried the fell plague with it to every halting-place,

causing a wide-spread mortality among the civilian

population, which probably far exceeded one hundred
thousand.

Incidentally, a lesson in pathology (the science which
treats of the nature of disease) of lasting importance was
finally driven home by this campaign. Hitherto the

French doctors, who at that time held a very high position

in the scientific world, had been destitute of experience

of typhus fever, and combated the views of Jenner,
Murchison and Budd that ' continued fever ' comprised
at least two diseases which were fundamentally distinct,

alike in symptoms, causes, and mode of propagation. The
French army surgeons had ample opportunities on the

plateau before Sebastopol of seeing the behaviour of the two
diseases side by side, and from that time there was no

disagreement as to the distinctness of typhus, which is

invariably associated with overcrowding and is propagated
directly from man to man, from typhoid or enteric fever,

which is associated with conditions of exeremental filth

and propagated for the most part indirectly by means of

polluted water or milk.

True sanitary method necessitates a foundation of

exact knowledge of the nature of disease.

Mr. Radcliffe adds with great force :
" If it had been

possible for any doubt to have rested upon this great result

and its causes, the spectacle of the French army sinking

into the slough out of which we had escaped, and the

conditions under which this happened, would have put an
end to it. Here, then, was a lesson in hygiene, having
the precision and force of a scientific experiment, as

applicable to civil as to military life, and which exercised

a less obvious tut hardly less important part on the

progress of civil hygiene in this country than it did upon
military hygiene."

THE THERMAL RADIATION FROM SUNSPOTS.
By W. E. Wilson, M.R.I.A.

CoinmunicKfi'd to the Royal Society, January -itli, 1894..

THESE observations were made by means of a large

heliostat, lent by the Royal Society, and a Boys'
radio-micrometer. The heliostat consists of a

plane silver on glass mirror of 15 in. aperture. It is

mounted equatorially, and driven by a clock. When
in use, it is adjusted to reflect the sunlight to the north

pole, and as long as the driving clock is kept in motion the

beam of light remains fixed in that position. In the track

of this beam, and about 12 ft. from the plane mirror, is

mounted a concave silver on glass mirror of 9 in. aperture,

and about 18 ft. focus. Its axis points to the south pole,

so that the cone of rays formed by it strikes the centre of

the plane mirror at a short distance inside the focus. A
small plane mirror mounted on the end of an arm is then

so placed as to intercept the cone of rays, and reflect it

horizontally into the observatory window ; an achromatic

lens enlarges the solar image which is formed on a screen

in the room to 4 ft. in diameter.

Behind this screen, and standing on a pier of concrete,

is mounted the radio-micrometer. The aperture through
which radiant heat reaches the sensitive thermo-couple is

a round hole drilled through a thick sheet of brass, and is

only 1 mm. in diameter. A white cardboard screen is

placed in front of the brass one to cut off heat from falling

on the latter, and is provided with a hole slightly larger.

A beam of lime-light is thrown on the mirror of the radio-

micrometer, and reflected on to the scale in the usual way.
The diagonal mirror of the heliostat is provided with slow

motions in two directions, which are moved by long rods

and hook joints inside the observatory. Thus any part of

the sun's disc can be placed on the small aperture of the

radio-micrometer, and the driving clock will then keep it

there.

The observations are taken in the following manner.
A small screen is placed over the aperture of the radio-

micrometer, and the zero position of the spot of light on
the scale noted. The screen is then removed, and the

umbra of a sunspot placed on the aperture. The reading

is then taken and entered in column u. The image is

then moved, so that a part in the neighbourhood of the

spot, but at thf same distance from the centre of the solar disc,

is placed on the aperture. This reading is entered m
column N. Finally, a reading is taken at the centre of





THE EQUATORIAL MOUNTING OF THE GREAT LICK TELESCOPE. From a Photograph by Mr. E. E. Barnard.

The central ptirt of the tube of the great telescope is shown at the top of the picture, with its attachment to the declination axis, a steel shaft at

right angles to the polar axis, which latter lies within the iron casing at the top of the pillar. The polar axis always points to the pole of the hpavens. but

can turn upon itself, carrying the T piece, or casing of the declin ition axis, with it. Tlie telescope can turn about the declination axis so as to be pointed

to all parts of the heavens. The divided circle at the left hand of the picture is the declination circle, which gives the angular distance from the equator

of the heavens of the point to which the telescope is directed. The divide I eirrli> aSout the pjlui- aKi^ Ljivos tlir po-itinn of th- tnlr=c ipe in right ascension.

IFh—miiwMi«aiM>AiMr-n--tiirfifr ndn'TJin iIm'f rn t t" --.^-^ <i..^ ^i^ .'! ...,,»;,,„ ,,r ti,,. ,. ..-ti, .„,i i.,.,.,, „ <ti,- in tiio in-u .^f the teiescnne —
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the disc, and entered in column C. The throws of the

instrument are then got by subtracting the figures in

columns u, N, and C from the zero. The deflections of

the instrument have been experimentally proved to be

strictli/ jD-opartioiuil to the amount of radiant beat falling

on the thermo-couple. The following is a typical observa-

tion taken August 7th, 1893, of a large sunspot then visible.

The umbro of this spot measured 0'8 in. across on the

screen, so that the aperture of the radio-micrometer was
only covering about ^^th of that of the umbra.

Zero.
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prevent the radiation of heat from the body of the moon.
Added to this, the poles of the moon never advance as far

into the sunht lunar hemisphere as the poles of the earth
advance into the earth's svm-lit hemisphere.

It will be remembered that the earth's poles enjoy a
period of six months of continuous sunshine, during which
they advance into the sun-illuminated hemisphere to a
distance of more than twenty-three degrees from the zone
of sunset tints which continually encircle the earth,

dividing the sunlit half from the starHt half.''^ But the
moon's poles never advance as much as one and a half
degrees into the sun-lit hemisphere, for the lunar equator
makes an angle of only 1° 28' 45" with the ecliptic. The
north and south poles of the moon are consequently
never very far from the terminator or zone of sunrise and
simset on the moon.
Our plate illustrates very well the sort of illumination

which objects near to the lunar terminator enjoy. The
steep sides of the lunar mountains are brightly lit up, but
the valleys and hollows and the lunar plains are left in

darkness, or are only faintly illuminated by very slanting

rays. A region constantly within a degree and a half of

the terminator would therefore receive very little heat,

though it would radiate as freely as any other part of the
moon, and we should expect to find it relatively colder as
compared with the lunar equator than the earth's polar
regions are compared with our equatorial regions.

Judging by analogy, therefore, if there is any water-vapour
in the lunar atmosphere, we should expect to find it con-
densed in greater quantities in the lunar polar regions
than in regions with a higher average temperature, but
there are no distinguishing white caps to mark the place
of the lunar poles, and we must conclude, either that the
lunar poles are not covered with snow, or that the polar
snow-caps extend as far as the lunar equator, and that the
only difference between the equatorial and polar regions is

that the layer of condensable vapour is thicker at the poles
than in the neighbourhood of the lunar equator.

There is some evidence which tends to show that there
is some kind of condensable vapour in the lunar atmosphere,
for the mountainous regions and higher parts of the
moon's surface are always whiter than the low-lying land.
This is well illustrated by the beautiful lunar photograph
of the Brothers Henry, reproduced in our plate. The
limb or sharp edge of the moon is shown in it (as well f.s

in all other good photographs of the lunar crescent) as
very white, distinctly whiter than the lunar surface at a
little distance from the limb. At the limb we are looking
tangentially at the lunar surface, and only the tops of the
lunar mountains and high ground would be visible to us.

valleys and low-lying land being eclipsed by nearer regions
at a higher level. But the smooth limb of the moon is

always whiter than other parts of the disc, whether the
moon is gibbous or presents a thin crescent form. In the
crescent phase shown in our plate we are looking at the
shadow side of the mountains on the limb, and not at
the slope which lies in the full glare of sunlight. It might
be argued that the white band along the limb of the
gibbous moon is due to the fact that we are looking at the
sun-illuminated sides of the mountains on the limb, and

* The zone of sunset tints glidei? over the earth always touching
two parallels of latitude. At midwinter aud niidsumiuer it lies

between two small circles, with a radius of about t\vent\ -four decrees
described about the northern and soutlieru pole. It is never a " great
circle," but always lies a little within the dark hemisphere, for the sun
in setting is raised by the refraction of the earth's atmosphere more
than half a degree. A little before the autumn equinox and a little

after the spring eqidnox it passes through the poles, and then as seen
from the outside would appear to spin round the parts of the zone
where tlie tints of inorning and evening meet.

that these appear relatively bright as compared with less

vertically illuminated surfaces. The relative brightness
of objects near the terminator (or region of lunar sunrise)

evidently very materially depends on the slope which they
present to the slanting rays of the sim ; but as the sun rises

and the shadows grow shorter, the slope of the surface

makes less and less difference, until at the full moon, when
no hmar shadows can be seen from the earth, the differ-

ences of brightness of difl'erent parts of the lunar surface

must be due to actual differences in the albedo or light-

reflecting power of the lunar surface. In the case of the
mountains and cliffs seen along the limb of the crescent

moon, the slope of the surfaces seen from the earth is away
from the direction in which the sun's rays are falling, and
any appearance of greater whiteness must be entirely due
to the actual whiteness or light-reflecting power of the

mountains.

We consequently have in this band of whiteness along the
lunar limb very forcible evidence that the lunar mountain
tops are white as compared with the average whiteness of

the lunar surface. The whiteness, and consequent bright-

ness, of this band along the limb is so considerable that

in lunar photographs it is the first part to become over-

exposed, and it then hides the irregularities of the limb,

which are well shown in the comparatively under-exposed
photograph of the Brothers Henry reproduced in our
plate.

The white material which condenses on the lunar
mountain tops need not necessarily be snow. Any vapour
which condenses in small transparent crystals would look

snow-like and white, on account of the way in which such
crystals break up the light. Thus, the feathery crystals

formed from carbonic acid vapour, in the well-known
lecture experiment, look snow-like and white, and probably
crystals of frozen air would have a similarly snow-like

appearance.

But if we accept the concurrent testimony of Profs.

Langley and Very, the Earl of Rosse, and Prof. Boys,
the temperature of the surface of the equatorial regions of

the moon during sunshine is not very far from 0° Centi-

grade, or the freezing point of water. At such a

temperatin-e, crystals of carbonic acid or of atmospheric

air would evaporate with extreme rapidity ; and it is not

conceivable that such rapid evaporation could go on during

the fortnight of the lunar day without giving rise to a

gaseous envelope about the moon, which would be easily

detectable by the distortion of the sun's image during a

solar eclipse, and by the phenomena observable during

the occupation of stars at the moon's limb. For there is

no recognizable change of whiteness from sunrise to sunset

at the lunar equator—that is, the white covering is not

entirely evaporated away, and the continuity of colouring

from the moon's poles to its equatorial regions shows us

that if there is any polar capping of condensable vapour,

the polar white caps extend from the pole to the equator, and
that they are not even materially diminished in extent in the

lunar equatorial regions during the fortnight of unclouded
sunshine passed through in every lunation.

We have therefore to choose between two alternatives :

either the general whiteness of the moon is caused by an
extensive snow-like covering, which is not evaporated away
in the lunar equatorial regions during a fortnight of

temperature not far removed from the freezing point of

water, or the moon's whiteness is due to the natural colour

of its surface rocks, and we are then forced to assume that

all the lunar mountain tops are formed of white rocks,

while the plains and low-lying areas are formed of a darker

material. The latter assumption will not be seriously

maintained by anyone who considers the great disturbances
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to which the lunar crust has been subjected, If there had
originally been such a bridecake-like stratification, it

must long ago have been disturbed by the action of the
forces -which have built up and levelled again gigantic

lunar craters and mountain chains.
The steep precipitous clifi's and tall pinnacles of rock

which are to be seen on so many parts of the moon are

standing evidence that the moon has a gaseous envelope
around it sufficiently dense to protect such rocky pinnacles
from being levelled by meteoric bombardment, for the

moon must encounter as many meteoric particles in its

annual journey round the sun as a similar area of the

earth's atmosphere encounters. But not a millionth per
cent, of the meteoric bodies encountered by the earth's

atmosphere reach the earth's surface ; they are, in nearly

every case, entirely driven into vapour before they reach
a height of fifty miles above the earth's surface. If the
lower hundred miles of the earth's atmosphere were con-

densed or done away with, it is evident that the earth

would be subjected to a very serious bombardment, for

even a particle as large as a mustard seed, projected with
a velocity of eighteen miles a second against a cliff face,

would bring down a portion of rock much larger than
itself, probably shattering the rock for a considerable

distance round the place of impact ; for we know that the
force of a blow increases proportionally to the square of

the velocity of the projectile, and the damage done by
meteors meeting the earth with a motion in a contrary
direction to the earth's motion round the sun would be
even more considerable.

Such considerations seem to render it probable that the
moon has an atmosphere of some sort which acts as a pro-

tecting shield, or otherwise, in the course of geologic ages,

cUffs and pinnacles would have been shattered, and they
could not have retained their precipitous forms.

Most of the meteors which we see consumed in our
atmosphere become visible at a height of less than
one himdred miles, and they are generally entirely driven

into vapour before they reach a height of fifty miles above
the sea level. Such an atmosphere as surrounds the earth
at a height of fifty miles above the sea level would con-

sequently be sufficiently dense to enable the moon to

preserve the sharp outlines of its geologic features. If we
assume that the earth's atmosphere continues to halve in

density with every increase of three and a half miles by
which we rise above the earth, the density of our atmos-
phere at a height of fifty miles would be about one fifteen

thousandth part of the density at the sea level.

The observations with regard to lunar occultations and
solar eclipses, referred to above, enable us to say that the

moon certainly is not surrounded by an atmosphere of

similar material to our own, which is one two-thousandth
part as dense as the earth's atmosphere at the sea level.

But it may very possibly be surrounded by an atmos-

phere which is one ten-thousandth part as dense. Assuming
that it is surrounded by such an atmosphere, the

absence of white caps about the lunar poles would seem to

show that the cold, even in the polar regions, is not suffi-

ciently intense to freeze the lunar atmosphere. If the

lunar air is similar in chemical composition to our own,
this would enable us to affirm that the temperature of the

lunar poles has not yet fallen below about -180° Centigrade.

It is evident that at some period, the geologic record of

which is not yet effaced, there were considerable volcanic

displays at the lunar poles, for both the northern and
southern lunar polar regions are thickly crowded with
crater rings—indeed, the volcanic activity at the lunar
poles seems to have been greater than in the lunar equa-
torial regions.

Stttncc Notes.

Prof. Dewar, in a recent lecture at the Eoyal Institution

on the scientific use of liquid air, and the study of the
properties of matter under very low temperatures, demon-
strated that in low temperatures the tensile strain of

metals is stronger, and their colour also is less brilliant.

Some interesting details have been published in the
transactions of tin- Texas Acadoiii/ of Science, concerning
rain-making and the rain-makers. For the problem of
overcoming the severe drought in such districts as the
United States, or New South Wales, has, at irregularly
recurring intervals, engaged the attention both of men of
science and various impostors, who have endeavoured
to persuade the Government to make trial of their
schemes. The problem that has to be solved is the cool-

ing of the upper layers of the air to such an extent that
some of the moisture contained in it shall be precipitated.

One of the theories on which several rain-makers based
their suggestions was that if a rapidly ascending current
of air could be produced, on reaching a great height this

would expand under the conditions of diminished pressure,

and in expanding would cool, and so precipitate some of its

moisture. But the production of this ascending current is

in itself the first difficulty. The scheme that Prof. Espy
proposed in 1837 was to kindle great fires, thus producing
a rising current of hot air. It would be better for the
success of the scheme if the air could be induced to rise

before first heating it, as the object of the theorists is to

produce cooUng in the upper strata.

It is a well-known fact that a shock of some kind given

to a supersaturated atmosphere will sometimes precipi-

tate the excess of moisture held in suspension, and it

seems to be some distortion of this fact that has actuated

some of the schemes of the rain-makers ; for they appear
to have thought that a severe shaking was all that was
necessary to induce the atmosphere to render up its

aqueous vapour. Mr. Powers, of Wisconsin, published in

1870 an ingenious collection of random statistics entitled
" War and the Weather," in which he endeavoured to

prove that battles were followed by heavy rainfall. The
same idea moved another rain-maker, and having obtained

a Government grant of a considerable sum, he proceeded to

make war upon the elements in true military style. Ground
explosives were fired off at some advancing rain-clouds,

then balloons, charged with explosives, were fired inside

them, shells were projected at them, but the clouds sailed

away in unrufHed serenity, regardless of the rain-maker and
his challenge.

A more scientific scheme was afterwards patented,

which consisted in freeing liquefied carbonic acid in

the air ; this liquid, by rapid vaporization, producing

great cold. But as a frequent expedient, this plan is

marred by the fact that the cost of one inch of rainfall

over a square mile would be four hundred thousand dollars.

Some curious mechanical devices have been seriously

proposed for rain-making, such as Mr. Pitkin's large sheet

of canvas, which was to be hung in the air with the object

of deflecting upwards warm air currents into a colder strata.

Mr. Astor's invention is a tower, up which air is to be
piimped by an engine, such a tower having presumably to

be about the height of the Eiffel tower, and therefore

similar in cost. The engine too would probably require

much more water than the whole apparatus would conjure

out of the atmosphere.
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Notwg of Boolig.

Celestial Objects for Common Telescopes. By the Rev.
T. W. Webb. Fifth Edition, revised and greatly enlarged,

by the Eev. T. E. Espin. Vol. I. (Longmans, Green &
Co.) This is a new edition of a book which has probably
made more astronomical observers than any other book
that has been published. It is fourteen years since the
fourth edition appeared, and nine years since IMr. Webb's
much-lamented death ; and considering the rapid advances
which have been made in every brancTa of observational

astronomy during the past decade, a new and enlarged
edition of the Celestial Objects was much needed. The
astronomical public owe a debt of gratitude to Mr. Espin
for the trouble and care he has spent upon its production.
The bulk of the book has been considerably increased.

It will now be issued in two volumes, only the first of

which has as yet appeared. The first volume contains an
appreciative little memoir of Mr. Webb by his friend and
executor Mr. Espin, which is followed by Mr. Webb's
chapter on the use of the telescope, to which notes on
celestial photography and the use of the spectroscope have
been added ; and the old chapters by Mr. Webb on the

sun, the moon, the planets, comets and meteors, to which
more or less extensive notes have been added by Miss
Brown, Mr. Elger, Mr. Stanley Williams, Mr. Waugh,
Mr. Freeman, and, last but not least, Mr. Denning. The
second volume refers to double stars, clusters, and nebulre,

and to its enlargement and bringing up to date Mr. Espin
has especially given his attention, greatly adding to its

value by his additions.

The Theory of Heat. By Thomas Preston, M.A.
(Dublin). (Macmillan & Co., 189-1 )—This is a com-
panion volume to Professor Preston's admirable book,
" The Theory of Light," published four years ago. It is

a still larger volume, extending to over 700 pages, and
embraces a wider range of subjects, which Professor

Preston endeavours to deal with historically as well as

theoretically. No scientific inquiry is more full of human
interest than the study of the nature of heat, for no branch
of science is, as Professor Preston remarks, so intimately

connected with the every-day occupations of life. Pro-

fessor Preston is a lucid exponent of the theoretical parts

of his subject, and an interesting writer, who gives a living

interest to every subject he touches. All the chapters are

methodically arranged and broken into convenient para-

graphs. He gives, wherever possible, the classical

experiments which have led to the discovery of new facts

and important advances in theory, and leads the reader to

take a personal interest in the work of Lavoisier, Rumford,
Pictet, Herschel, Dalton, Davj', and C4ay-Lussac. His
chapters on the early theories of Heat, on Matter, and on
Energy, with which the book commences, are particularly

to be recommended.
Life and Bock : a Collection of Zooloyical ami (renlogical

Kssai/s. By E. Lydekker, B.A. (Cantab.), F.G.S., F.'Z.S.

London : The Universal Press, 326, High Holborn. 1894.
•—Onr readers will be glad to see this collection of essays,

many of which they will remember in the pages of

Knowledge, though they are now in a slightly altered

form, having been carefully revised, and in some cases

further illustrated by the author. Mr. Lydekker's articles

ai-e always interesting and instructive
;
probably no other

palfGontological writer deals with the problems of evolution

and development in so attractive a manner ; he has the gift

of putting before his readers multifarious facts and details

about dry bones in a way that makes them see the living

animal, and follow with interest the logical conclusions

to which he deskes to lead them.

[The Editor does not hold himself responsible for the opinions or
statements of correspondents.]

A BLACK AURORA.
To the Editor of Knowledge.

Sir,—The appearance of the great sunspot which was
visible from February 20th till the beginning of March
lends interest to a curious meteor seen by me on January
2.5th last, about 8 p.m., at Croydon. It consisted of five

dark rays or streamers, which emanated from a point over

the northern horizon at or near the true north, and
radiated like the spokes of a wheel towards the zenith, or

it might be the magnetic zenith. The rays were clearly

defined against a hazy sky, which was faintly illuminated

by the glare of the metropolis, and resembled five blades

of a black outstretched fan. As I looked, the whole
system wheeled slowly through an arc of 30^ oi' 40°

towards the east, and then faded out. The rays did not

seem to quiver or change colour, but remained black or

smoky, and reminded me of streaks made by a hair pencil

dipped in Chinese ink. I regard the phenomenon as a

black aurora, because of its behaviour and the collateral

phenomena. Black or smoky pillars and patches have
been observed in auroras, but although I have examined
the records of hundreds of displays, 1 have seen no account
of a similar effect.

I may add that on the evening of February 28th, about

8 P.M., an aurora was seen in Croydon by me and many
others. Two white luminous patches, one waxing while

the other waned, appeared in the clouded sky near the

Great Bear, and several more near the constellation

Orion. A dirty greenish arch of difl'ased light over a dark

segment also showed above the northern horizon, and
gradually spread up the sky nearer to the zenith. The
display lasted an hour or more, and was also seen with

better eft'ect in other parts of the country, where red

streamers emanated from the greenish arch. As the

black aurora seems to have heralded the sunspot, and the

green display to have followed it, perhaps you will con-

sider these observations of some interest.

Croydon. Yours, J. Munro.
[If we suppose with Mr. Munro that the dark rays

radiating "from a point over the northern horizon" were
sufficiently opaque to cut out the light reflected by the

atmosphere from the gas lamps of London, we must assume
that they were foggy semi-opaque regions in the lower

atmosphere, an assumption which entails a considerable

strain on the imagination, especially when we remember
that the haze-producing particles which reflect the glare

from a town probably float at no great height above the

ground.

It seems to me easier to assume that the dark rays were

narrow interspaces between broad bright rays. Readers
of Mr. Munro's book, " The Romance of Electricity," will

congratulate him upon his good fortune in witnessing so

curious and interesting a phenomenon.—A. C. Ranyard.]

To the Editor of Knowledge.

Beechfield, Heswall, Cheshire,

19th March, 1894.

Dear Sir,—On the 15th of March last, from 6.30 to 7
p.m., I observed what, to me at all events, was an unusual
appearance, as the sun rose over the lunar crater Clavius.

The ridges of the two principal inner craters, being
illuminated, showed a brilliant red colour in very marked
contrast to the general surface of the moon. The colour
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was of precisely that hue with which we are familiar in

our terrestrial morning and evening skies, and prompts
me to ask the question whether it is a phenomenon often
observed in regard to sunrising on the moon, and whether
or not it may be held to be evidence of a lunar atmosphere
possessing a certain amount of absorptive power similar

to that of our own air.

I may say that, not being familiar with such an
appearance, 1 at once attributed it to instrumental dis-

persion, and took considerable pains to ascertain whether
the colour could arise from such a source, but, after trying
several powers both upon Clavius and other parts of the
moon, I was unable to connect the colour with any such
cause : and whether the eye-piece was in proper focus or
not, the red colour still remained conspicuous in the
imperfect image so produced.
The atmospheric conditions, I might add, on that

occasion were, from the unusual amount of detail and

telescope would be more recognizable upon them than on
a bright object upon a bright background. Sunset and sun-

rise tints are certainly not generally recognizable upon the

moon's terminator, and it is doubtful whether there are

any half-tints, or region of crepusculum, such as would
probably be seen upon the earth in the regions of sunset

and dawn. The parts of the moon just beyond the parts

lit up by the first rays of the rising sun would be
illuminated by the light of the corona and chromosphere,
but I have not been able to trace any coronal or chromo-
spheric lines in the light from the dark region just

beyond the terminator when examined with a spectroscope.

M. Thollon and Mr. Lockyer have similarly searched for

evidence of coronal light at the lunar terminator, but have
failed to find it. It seems, therefore, improbable that the

ruddy tints observed by Mr. Maclver could have been due
to illumination by the red light of the chromosphere. If

the little craters shone with a red-hot glare we should
expect to see them glowing
on the dark side of the

moon before the lunar sunrise,

and possibly retaining their

red colour after the sun had
risen.

The only suggestion that

occurs to me is that Mr.
Maclver' s eyes may be very

sensitive to strong light, and
that he sees coloured images
for some time after looking

at a bright object. The
brighter parts of the moon
are very dazzling when looked

at in the telescope without a

dark wedge to subdue their

light, and they are relatively

very bright compared with
objects on the lunar termi-

nator.—A. C. Ranyard.]

Clavius, from a dr,awing by Gr. K. Gilbert.

steadiness perceptible, apparently better suited for observa-

tion of the moon than it has usually been my fortune to

find. I am, Sir, yours truly,

Charles MacIver.
[I am unable to suggest any optical illusion which

would account for Mr. Maclver's observation. He seems
to have taken ample precautions to test whether the

brilliant red colour was due to the eye-piece used.

Sunrise upon Clavius is a magnificent spectacle, which
has been watched with wonder and delight by many
generations of astronomers ; Beer and Miidler, Webb and
Neison, all speak of it with enthusiasm. At first the sun
lights up the western wall of the great crater, which is

one hundred and forty-two miles in diameter. As the sun
rises it presents the appearance of a great bay of darkness

penetrating into the illuminated portion of the moon
;

then some small bright points appear in the bay—these

are the summits of the rings of craterlets on the floor of

the great crater ; as the sun continues to rise, the craterlets

appear as bright rings, like golden atolls in a sea of ink
;

at last the sunlight reaches the floor of the great

crater, and the long shadow of the western wall of the

crater slowly recedes tiU the whole of the crater floor is lit up.

Mr. Maclver's observation seems to have been made at

the time when the sun's hght had reached the ridges of the

inner craters ; they then appear as intensely brilliant rings

on a dark background, and any chromatic defect of the

To the Editor of Knowledge,

Sir,—Mr. Lynn on page 7 calls 1899 the " last year of

the present century." I should call it the last but one.

The comet due therein, he says, has "only hitherto been

seen in the winter of 1865." But I submit it was seen in

the summer of 1.366, and recorded so that its perihehon

has been reckoned the 21st of October, or four hundred

and ninety-nine years seventy-two days before the last

perihelion. This divided by fifteen gives 33-281, instead

of the 33-18 of Oppolzer's reckoning from 1866 only.

Apart from all perturbations by Jupiter and Saturn, we
might therefore expect it early in May, 1899. That is

the least likely time of year for it to be seen, we being on

the opposite side of the sun. The eflects of Jupiter and

Saturn seem eminently worth computing in this case.

Yours truly,

E. L. Gaebett.

[Mr. Garbett is obviously right about the year 1899 not

being the last year of this century ; but it is a common
oversight, into which I inadvertently fell. No great rehance

can be placed on an orbit determined from observations

made in 1366, whilst Le Verrier's theory that the Leonid

meteors were introduced into our system by Uranus

cannot be proved, though it remains probable that their

introduction took place at a comparatively recent date.

Neither their period, nor that of the small comet which

moves in nearly the same orbit, is known very exactly.
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Tliat the comet is identical with tlie one recorded

in the Chinese annals five centuries before is exceedingly

doubtful ; a glance at the elements of the orbit of the

latter as computed by Peirce will at once show how un-

certain they are, as is remarked by Jlr. Hind in his
'• Comets." Oppolzer's determination of the orbit of the

comet of 1866 is probably as accurate as could be made
from observations which extended over an interval of less

than a month. To compute its perturbations with much
accuracy would not be a very hopeful task at present

;

after the return in 1899 (which will probably take place

in March) this will be more practicable.—W. T. Lynn.]

WEIGHING THE EARTH.
By J. J. Stewakt, B.A., B.Sc.

(Co)ttiniu-d from page 32.)

THE method adopted by Prof. Poynting in his

earth-weighing experiments, concluded a year or

two ago, is a modification of that of Cavendish, in

which the balance is directly made use of, and the

force of attraction due to a sphere is found by

placing it beneath a scale pan, and then balancing the

disturbance of the beam produced by the sphere in this

position, by adding weights to the other pan.
" In using the common balance to find the attraction

between two masses, perhaps the most direct mode of

proceeding would consist in suspending a mass from one

arm of a balance by a long wire, and counterpoismg it in

the other pan. Then bringing under it a known mass,

its weight would be slightly increased by the attraction of

this mass. The increase would be the quantity sought if

the attracting mass had no appreciable influence before its

introduction beneath the hanging mass, and if, when
beneath it, the eSect on the balance could be neglected.

This is very nearly the principle of the method used by

Von Jolly."

Prof. Poynting used a differential method. A spherical

mass was placed first under one of two masses suspended

from the beam of a balance, and then placed under the

other, the tilt produced in the beam being observed.

Then the suspended masses were raised to a higher

position, and the attracting mass placed under each

alternately as before ; in this last case the attraction

on the beam is the same as in the first experiment, and
this attraction can thus be eliminated, for the difference

between the two observations of the increase of weight on
one side is caused solely by the alteration of the positions

of the suspended masses with reference to the attracting

sphere below them ; the attraction on the beam remains

the same in each case. From the observed effect of a

known alteration of distance, the attraction at any distance

can be arrived at.

The attracting mass used in the experiments consisted

of a metallic sphere. This was placed on a turntable, and
could thus be gently moved into its position below the

balance or away from it. The experiments were com-
menced at the Cavendish Laboratory, Cambridge, in a

room in the basement. The apparatus was afterwards

moved to Birmingham, and the experiments continued at

the Mason College there. The balance room was in the

basement of the building, and observations were taken by
a telescope placed m the room above through an opening

in the floor. The balance used was of the large bullion

balance type, and was made specially for the experiment
with extra rigidity of beam. The movement of the pointer

of the balance was shown by reflection from a suspended

mirror. Both the attracting and attracted masses were
made of an alloy of lead and antimony for the sake of

I hardness, and their surface was gilded.

I

Errors were detected due to alteration of the slope of

the floor on monng the weight. There was also a slow
gradual change. Another mass, half as great as the

I

attracting mass, was placed on the opposite side of the
turntable and twice as far from the axis. This arrange-
ment caused the resultant pressure to be always through
the axis. A second set of experiments was made with the
masses turned over, to get rid of any error which might
arise owing to want of symmetry, the mean of the two
sets of experiments being taken.

Errors due to air currents were the most difficult to get

rid of. In warm, quiet weather the air was steadiest.

Prof. Poynting says the opening or shutting of a door
anywhere in the building had a visible, though transient,

effect on his apparatus, doubtless through the production
of an air wave. In a high wind the balance was always
unsteady, partly owing to rushes of air into and out of the

case with sudden changes of pressure, and partly through
changes of groimd level with variations of wind pressure

against the building.

The law of universal gravitation states that when two

masses m m"^ attract each other the attraction is
K

d-

K being the gravitation constant, which is the same for all

masses, and il the distance between the masses.

When the gravitation constant K is known, the mean
density A of the earth can be found immediately ; for if

V = volume of the earth considered to be a sphere of

radius R, the weight of any mass. M' being the attraction

K y A Ml
of the earth upon it, is rp ; but if g denotes the

acceleration produced by gravity the mass is also = M^ r/.

1/ R2
Therefore A = 'f^^-

Prof. Poynting finds as the mean value of A from his

experiments 5-493. In one set of his experiments the

value found was less than that got by Cavendish, in

another set it was greater, the mean being as above.

It has been suggested that a good way of finding the

earth's mass would be to observe the change of deflection

produced in the plumb line by the filling and emptying of

an estuary by the periodic movements of the tides. The
quantity of matter occupying the space of the estuary or

arm of the sea would undergo regular periodic changes,

and by observations of the changes of latitude every six

hours a good determination of the constant required might
be obtained.

A method very similar to this, and of a very in-

teresting character, has quite recently been employed by
M. Alphonse Berget. who described his experiments in the

Comptef: rendus of the Paris Academy of Sciences last

year.

The experiments consisted in artificially causing a change
of level in the waters of a lake. The level was raised

or lowered through a distance of a little over three feet,

and the eft'ect of this alteration on a hydrogen gravimeter,

such as that which was employed to measure the diurnal

variation in gravity, was observed. The lake on which
these trials were made is in Luxembiu'g, and has an area

of seventy-nine acres. Its level could be raised or lowered

by the above-mentioned amount in a few hours, and the

variation in the column of mercury of the observing

instrument was determined by a very delicate method,

which consisted in noting the appearances and changes in

Fizeau's interference fiinges, formed in vacuo between the
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surface of the mercury and a i3at sheet of polished glass

placed at the bottom of the observing tube. Two sets of

readings were taken, the one on lowering the level of the

lake by about twenty inches and forty inches, the other on

raising the level through the same distances. The results

obtained are given in centimetres ; the displacement of

the columns for a change of level in the water of one

metre was -0000000126 centimetres. From this the

gravitation constant, K, i.e. the attractive force in dynes

produced by a mass of one gramme upon another equal

mass placed one centimetre from it in air was found to be

6'80 X 10-^ i.e. -000000068 dynes. The mass of the earth

was found to be 5-85 x 10-'' grammes, and its density 5-41,

which differs but little from previous results.

The numbers above are deduced thus :—Put in the

value of K = 6-80 x 10"' in the formula // ju. = K.-^s^-,

in which M = mass of the earth in grammes.
R = radius of the earth in centimetres =

6-37 X 108.

f/ = intensity of gravity = 981.

Hence M is found to be 5-85 x 10"' grammes, and the

value of the density follows at once as 5-11 compared
with water.

Another determination of the density has in recent

years been carried out by Von Sterneck at Freiberg.

These experiments were made in the years 1882 to

1885 and were similar in character to the pendulum
experiments of Airy. The times of swing of the pendulums
at the surface and at a depth within the earth were

obtained by observing the coincidences with the same
clock, which gave electrically, at the same instant, half-

second signals at the two stations. The results, however,

tend to confirm the opinion that the pit method is not a

suitable one for determining the mean density of the earth,

though it may throw light on the composition of the

strata near the surface.

In conclusion, the different values found for the density

of the earth in the principal experiments made for deter-

mining it may be given.

Plumb line at Sehiehallien (Maskelyne andPlayfair) 4-713

,, at Arthur's Seat (-James) ... ... 5-316

Pend-alum at Mont Cenis (Carlini and Giulio) ... 4-94

,, at Harton Coal Pit (Airy) ... .
6-565

Torsion balance (Cavendish, 1798) ... ... 5-48

(Reich, 1838) 6-49

(Daily, 1843) 5-66

(Cornu and Bailie, 1872) ... 5-5—5-56

Method of Weighing (Von Jolly) 5-58

(Poynting, 1891) 5-493

(Wilsing, 1887-1888) ... 5-58

P.ise of Water Level (Berget, 1893) ... ... 5-41

XoTE.—On page 30, column 1, fifth line from bottom, instead of
" the earth," rend " the latter."

THE PHCENICIANS, OR PALM-TREE PEOPLE.

By .J. H. MiTCHiNER, F.R.A.S.

THE authorities at the British Museum have recently

completed an important re-arrangement that must
prove of the greatest interest to the student of

early civilizations.

Some two thousand years before the Christian

era, a branch of the Semitic race, emigrating from the

direction of the Persian Gulf, settled on the eastern shores

of the Mediterranean Sea. The territory occupied was not

large, comprising a coast-line of some three hundred miles,

with an average width of about fifteen. But if the area

was restricted in size, in character it was most diversified

—

a land of mountain and flood, possessing a Lebanon
(white mountain) range, its highest peak rising ten

thousand two hundred feet above the level of the sea.

Seen from the Mediterranean, the distinctive feature of

the landscape was the luxuriant palms that everywhere
flourished indigenous to the soil. Hence the old pre-

Homeric mariners from the .Egean named the country
" Phoenicia," or " the Land of Palms," and to the people

who inhabited it they gave the name of " Phcenicians," or
" the Palm-tree People." Here, on this strip of Syrian

shore-land, on the slopes of its great southern headland
Mount Carmel, on the plains of Samaria and Sharon,
and on the banks of the Nahr-el-Litani (Lion River),

which rises a short distance fi'om the celebrated ruins of

Baalbek, collected, and prospered beyond precedent, this

remarkable branch of the Semitic race.

In character, instincts, and prevailing habits the Phoe-

nicians seem to have been the very opposite of the militant

Semitic of ancient history, as the belligerent Babylonian,

the cruel Assyrian, or that " bitter and hasty nation " the

Chaldreans." Instead of prosecuting wars of conquest and
aggression, they were essentially an industrious and peace-

able people, everywhere pioneers of civilization, whose
whole genius and energy seemed absorbed in commercial

activity. Ships, colonies, and commerce formed the

ultimate aim of their political constitution, and their

cities. Tyre, Sidon, and Aradus, became centres for the

business of the then known world. Phcenician colonies mul-

tiplied, extending to Spain and Africa. The present city of

Cadiz constituted the ancient Gades of Phosnicia, while

Carthage, the daughter of Tyre, was founded on the African

coast about 800 b.o. The strength of Phoenicia lay in

her navy. " Ships of Tarshish " (ancient Indiamen) ex-

plored the Adriatic, /Egean, and Mediterranean Seas,

sailed through the Straits of Gibraltar, and facing the perils

of the Atlantic, effected the circumnavigation of Africa.

According to general testimony it is to the Phoenicians

that the world is indebted for the invention of the alphabet ;t

but whether by them derived from the Egyptian hieratic

system or from monumental phonetic symbols remains at

present a debateable question. M. de Roug6 maintains

that the primitive form of almost every Semitic letter can

be deduced from its normal hieratic prototype. Doubtless

the exigencies of increasing commercial intercourse neces-

sitated some simplification of the imperfect and laboured

ideographic writing in vogue. A figurative method would

dispense with the use of a multitude of tedious phonetic

signs. Simplicity was the object to be attained, and we
may be quite sure that in the construction of the alphabetical

system necessity was the mother of its invention. In

common with other Semitic alphabets constructed sub-

sequently on the Phcenician model, it consisted of twenty-

two letters, all consonants, and it may be said to have

furnished the basis of nearly all other alphabets. The
Hebrew is more closely alUed to the Phcenician than

to any other language ; it might, indeed, almost be

considered as a dialect of the same tongue. Both alpha-

bets contain twenty-two letters, are without vowels, and

the writing reads from right to left. In religion the

Phoenicians acknowledged a single deity—one Supreme
Power—but the names by which he was known varied with

the locality of the temples. El (great) Ram or Eimmon

# 'R's.ba.bkiik i 6.

t Lttcan Pharsalia, iii., V., 220, 222. Pliny, H.N., Y ., 12, VII., 56.

Lemornant, i , 84. Tacitue, Ann. XI., 14.

Herod, V , 58. Eusebius, Chron. Can.

Died. Sic, v., 24.
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(high), Baal (Lord), Moleck (King), and Adonai (My Lord).
As Sun-god, Baal had temples at Baalbek, Tyre, Tarsus,
Carthage, and Ekron.
The Phoenician relics in the British Museum—the

classification and re-arrangement of which has just been
completed—occupy three rooms in the Northern Gallery of

the building. The archaic Cyprian sculptures (b.c. 650)
are for the most part crude in conception and conventional
in execution. The country being destitute of marble, the

figures are cut from a calcareous limestone, abounding in

holes and fossil shells, quite unfitted for purposes of

sculpture. Generally speaking, the bas-reliefs are superior

in execution to objects in the round. Most of the faces

are depicted with remarkably sharp-pointed noses—

a

feature even more marked in the terra-cottas. Several
heads testify to Assyrian and Egyptian influence ; while
in the later works (b.c. 150) the results of Hellenistic

intercourse is manifest in improved artistic execution.

One of the oldest known alphabetical inscriptions is that

of Mesha, King of Moab (b.c. 896), and is known as the

Moabite Stone. The original is in the Louvre, but an
excellent cast will be found in the Second Room. The
stone was discovered by Mr. Klein, a Prussian, at Diban,
a village on the east of the Dead Sea. It is of basalt,

rounded at both ends, about three and a half feet in height

by two feet in thickness and breadth, having on one face

thirty-four lines of inscription, each Hue about an inch

apart. When first seen by Mr. Klein it was in a most
perfect state of preservation, not a single piece being
broken off. As soon as open efibrts were made to secure

the treasure, difliculties with conflicting authorities un-

fortunately arose. Negotiations for its possession were
wot judiciously managed, and ultimately, rather than sur-

render the stone to the Turkish Government, the Arabs
determined to destroy it. They lighted a fire round it, and
when Bufiiciently heated threw on its sm-face cold water
and vinegar, thus causing it to crack and sjilit into frag-

ments. Fortunately a "squeezing" of the inscription had
previously been taken by a young attache of the French
Consulate, M. Ganneau. In the woodcut are reproduced the

first three lines of the inscription. The words are divided

from each other by means of points, and the lines or

verses by vertical strokes. The whole inscription gives

evidence of great fluency, and of long habituation in the

use of written characters. Of the undoubted age and
genuineness of this interesting relic of antiquity there can
be no reasonable doubt. An article by the Eev. A. Lowry
on " The Apocryphal Character of the Moabite Stone

"

appeared in the Scottish Review for April, 1887, but the

conclusions of the writer are not accepted by other

European Semitic scholars.

The stone was erected by Mesha, King of Moab, to

commemorate his successes against Omri, King of Israel,

and his descendants. This is the same Mesha whose
resistance to the united forces of Jehoram, .Jehoshaphat,

and the King of Edom is recorded in the third chapter of

II. Kings. Omri became King of Israel b.c. 929. The
date of the stone would be about thirty-nine years after-

wards—that is, 890 b.c. The characters of the inscription

are Phoenician of the Moabite dialect. The last four lines

are undecipherable. There is great similarity between the

Moabite and ancient Hebrew writing, which sufficiently

explains how it is that in all Biblical references to com-
munications between these people there is no reference on
any occasion to an interpreter.

We append a transcription of the whole of the thirty-

four lines of writing.

In June, 1880, an important discovery was made in

Jerusalem, in the ancient conduit which conveys the water

through the hill and under the Mosque of Omar to the
Pool of Siloam. The length of the tunnel is one thousand
seven hundred and eight feet (five hundred and sixty-nine

.. ..y x.*.-)--7.5-vJifi5*i.'V.w-)^-^N ii^fl

i y^7^A^^°5^*^*yQJ5-^"'' ^^

<<ot5.
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The Moabite Stone.

Analysis of the first

ANoKi McShA. BfN.

—IBoNI
1
'ABI. M^LaK.

TI. 'AChttE. 'ABI.

B.C. 900.

three lines.

KaMoShGaD. MeLcK. Mo'AB [He] D—
AL. Mo'AB SULishiN. ShaT V'ANoKi. MaLaK—

Translation.

1. I am Mesha, son of Kamoshgad, King of Moab, the X>-

2. ibonite
| My father reigned over Moab thirty years, and I reign-

3. ed after my father.

yards). It is not straight ; the passage winds con-

siderably, and reveals several cuh-de-sac, showing that the

engineering was defective. The inscription (of which a

cast will be found in the Second Room in the British

Museum) was found in a niche in the wall, about nineteen

feet from the mouth of the tunnel where it opens into the

Pool of Siloam. A spot, twenty-seven inches by twenty-six,

had been prepared in the solid wall on the right hand side

of the tunnel as one enters from the Pool, and made smooth
to receive the inscription. Being below the water-line,

before it could be copied it became necessary to lower the

water in the conduit.

According to Prof. Sayce, some of the characters, as

waw, zaijin, and Zsadhe, are more archaic in shape than
the corresponding letters in the Moabite inscription. He
therefore regards the tunnel inscription as older than the

Moabite Stone, and assigns it to the age of Solomon. It

is, however, more generally held to date from about

750 B.C., the time of Hezekiah.
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1.

3.

4.

e.

Copy of Inscription of Siloam.

Translation.

Beliohl the excavation ! Now this is the history of the tunnel.

While the excavators icere using

the pick eacli to his neighbour, and while there were yefc three

cubits to be excavated the voice of one call-

ed to his neighbo\ir, for there was an excess in the rock on the

right. They arose they struck on the west of the

excavation, the excavators struck each to meet his neighbour,

pick to pick, and there flowed

the waters from the outlet to the Pool for the distance of 1000
cubits, and
of a cubit was the height of the rock at the head of the

excavation here.

We have here the experience m constructing the Mont
Cenis tunnel anticipated by two thousand six hundred
years. It is clear the tunnel to the Siloam Pool was
commenced simultaneously from both ends ; that in

consequence of imperfect engineering skill the workmen
nearly missed meeting in the centre and overlapped, but,

directed by the sound of the picks, altered their course

until they joined, and the water flowed throughout the

conduit. As might be expected from the difficulty in

determining many of the half-obliterated letters, the

translation given by Canon Taylor differs somewhat from

that of Prof. Sayce, but the general meaning is in no way
affected thereby.

An object of considerable interest in the Third Eoom is

the large bronze Lion-weight, of some twenty manehs,
engraved with the inscription in Phoenician characters

:

" Verified in presence of the supervisors of the silver."

In the Babylonian Room, close by, are several of these

weights, evidently of Phcenician manufacture, of from one

to ten manehs each. These were found in Babylonia, and

are stamped with the official stamp in both Phcenician and

ctmeiform characters, and were probably cast exclusively

for the Babylonian trade. We know the commerce of the

Phoenicians was most extensive. They carried on an

active export and import trade with Syria, Judasa, Egypt,

prized, and ap-

pears to have
secured a mon-
opoly of the

markets within

Phoenician in-

fluence.

There aremany
other objects and
inscriptions also

of great interest,

as the sarcopha-

gus of the King
ofSidon,B.c.850,

the ancient Cop-

tic, Himyritic,

Palmyrene, and Hebrew inscriptions, all of which are

admirably arranged, and form a deeply instructive chapter

in the book of the past.

A^X

Arabia, Babylonia, Assyria, Mesopotamia, Armenia, Cen-

tral Asia Minor, Ionia, Cyprus, Hellas, Spain, the Scilly

Isles, and the coast of Cornwall. British tin was highly

T

THE ROOT-TUBERCLES OF PEAS AND BEANS.*
Part II.— Continued from paye 70.

By J. Pentland Smith, M.A., B.So.

|HE life-history, so far as it is known, of the organism

that is the cause of the formation of these

tubercles has been worked out by Prof. Marshall

Ward, Prazmowski, and others, while Lawes and

Gilbert, Berthelot, and Warrington have studied

its life-history from the chemical standpoint.

The nodules vary in size. Last month we gave a

photograph of the roots of a pea with badly-developed

tubercles. Fig. 1 shows a well-grown tubercle on the root

of a bean. This is seen in

transverse section in the next

illustration (Fig. 2). At rt

the cells of the tubercle are

still growing,and almost free

from the irritating organism;

lower down in the tissues

are found thread-like bodies

(hyphaB), and still further

towards the base the parasite

has been very active. Fig. 3

a partly diagrammatic
FiCr 1.—Tubercle on

a Bean.

oot of

root

in the

section of a root with a tu

bercle on one side, and with a

rootlet arising from another portion. In the centre of

the root is the axile vascular bundle of the usual type,

composed of alternating patches of xylem (wood) and

phloem (soft bast); around this is the cortex (bark),

through which the root has pierced. The lateral

arises opposite a xylem strand. Two stages

development of the tubercle-causing organism are seen

in the nodule. On the outside is

the cortex, continuous with that of

the root, and exhibiting a zone of

merismatic tissue—that is, a tissue

composed of cells dividing up to

form new cells. In the cells internal

to this, hyphie are seen from which

minute corpuscular bodies are being

budded off. This process will be

seen more distinctly in another

figure. Still nearer the point of

* I am indebted to Prof. MarshaU Ward, F.E.S., etc., for his kind

permission to copy the figures illustrative of his monograph on the

"Root-Tubercles 'of the Leguminosffi,'

Soyal Society for 1887.

Fia. 2.—Vertical sec-

tion of Tubercle on root

of Bean.

the Transactions of the
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lATeR^L ROOTLET

Fig. 3.—Cross section

of Tubercle on root

of Bean.

origin from the root the cells are filled with small cor-

puscles, which have been called bacteroids, from their

resemblance to bacteria. If the specimen under examina-
tion is fresh, these corpuscles are to be seen in active

motion, but a high power of the microscope is necessary

to observe them properly. The corpuscles are of various

forms, as shown in Fig. 4 ; some are spherical, others are

larger and shaped like the letter Y- The spherical cor-

puscles were found in tubercles formed some time ago

;

the Y-shaped in the freshly-formed

nodules. A much magnified view of

some cells filled with bacteroids is

given in Fig. 5. They were taken

horn, the inner portion of the tubercle

shown in Fig. 3. The densely granu-
lar nature of the cell contents is due
to the enormous development of the

bacteroids. These have preyed upon
the cell contents, causing a flow of

nourishing matter to the cells, re-

sulting in their abnormal enlarge-

ment. The open spaces in the cells

are termed "vacuoles"; they are filled with a watery
fluid. The black body is spoken of as the " nucleus."

Tubercles have been found on the roots of all leguminous
plants when grown in the open ; but under certain experi-

mental conditions the tubercles are not to be found. Thus
when the seeds are germinated in sand or cocoanut fibre

(sterilized), and are then carefully washed and watered
with distilled water, containing nourishing salts in solution,

the young plants will grow, if well provided with all the
elements necessary for their develop-
ment. But no tubercles will be
formed when these precautions are jvj^ _ ' o_^ C.
carefully observed, and the water
used has been properly sterilized. If,

however, the plant is infected by
contact with other tubercles, or a

small quantity of garden soil be in-

troduced into the culture medium, Tj;

.

the formation of nodules at once
takes place, and it has been
shown by Prof. Marshall Ward that

the act of infection is a perfectly definite one. Figs. 6,

7, and 8 show that the infection consists in the

distortion of the cell-wall of a root-hair at one portion

where a brilliant dot is noticed. From this point a

fine tube passes down the cavity of the root-hair. It

then passes through the cell-wall and into the underlying

cortical cells, its tip ulti-

mately reaching the inner-

most cells of this portion of

the root. There it branches in-

to the neighbouring cells , and
the irritation set up causes

them to renew their activity

;

tliey divide up and form the
mass of the tubercle. In the

cell- wall of one of the cells

depicted in Fig. 6 the hypha
is first seen to branch, and
it is not an uncommon thing
to find, as in one of these

branches, the hypha attached to the nucleus. Where the
hyphae penetrate the walls of the cells peculiar trumpet-
shaped widenings may be noticed, suggesting the idea that
after the hyphfe had passed through them the cell-walls of

the still growing cells had stretched out. Eeferring to

Fig. 8, we see a peculiar " trumpet-shaped widening" of

V

>
^'-
b.

Fig. 4.—Bacteroids from
cells of Tubercles.

Fig. 5.—Much magnified section

of cells containing Bacteroids.

the cell-wall of the root-hair where the organism has

obtained an entrance into the interior.

B So far, then, we have seen that peculiar brilliant spots

are noticeable on certain of the root-hairs of plants affected

by this organism
;

that from these a

tube passes down into

the tissues of the

root ; that it branches
in the inner layers of

the cortex, and stimu-

lates the attached

cells much in the

same way as does
PlasuHiiJiopliorn hras-

sic(B, the cause of the

disease known as

club-root, or fingers

and toes on the turnip

and allied plants.

We have also seen

that in the outer cells

of a still healthy

tubercle hyphffi are

present along with
minute corpuscular

bodies, which are

termed "bacteroids,"

and that, further, the

bacteroids found in a

tubercle of the current

year are peculiarly

shaped, whilst those

fomid in old tubercles

are spherical.

Fig. 6.—Section of root showing

hypha penetrating cells.

We now come to the examination of a preparation which

helps to throw some light on the formation of the

bacteroids. If we turn to Fig. 9 we shall see a very much
magnified view of a few cells from the dark shaded portion

of the tubercle of Fig. 3. The
protoplasm of the cells is very

granular with bacteroids, and in the

majority of cases contains many
vacuoles. Furthermore, two branch-
ing hyphfE are visible, which appear

to be budding off from their tips

minute bacteroids. At this stage it

appears that starch often accumu-
lates in the cells of the tubercle,

and that the nucleus occasionally

undergoes a fatty degeneration.

The widening of the hypha in its

passage through the cell-wall is

more clearly seen in the next figure

(Fig. 10), and in the subsequent

ones. Figs. 11 and 12, we have a

more enlarged view of the process

of budding off of the bacteroids at

the tips of the hyphae.

In the Botanischi's Cent ralblatt for

1888 there is a paper of Prof.

Prazmowski's which confirms in the

main the statements of the life-

history as worked out by Prof.

Marshall Ward, from whose paper

in the PhilosopJiical Transactions

we have borrowed our illustrations, -c ., a i- c
, . , ,.„ . J i. -1 Fig 7. — Section of
but he differs in some details, root.hair and cells, ivith

Marshall Ward, for example, states p»netrating hypha.
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Fig. 8. — Eoot-hair with
trumpet-shaped widening.

that the bacteroids are budded off from the hyphas, whereas
Prazmowski conjectures that they are formed from their

conteots inside them; this, however, is a mere supposition.

Prazmowslii states that he has not observed their develop-

ment directly, although he has taken the trouble to

cultivate them in very different nourishing media and
under the most variable conditions ; but this is not to be
wondered at when we consider that these organisms are

amongst the most minute in the vegetable kingdom.
Experiments were after-

wards instituted (in 1888) by
Marshall Ward for the purpose
of determining what relation

existed between the tubercle

-

forming organism of the bean
and pea respectively, and they

resulted in the conclusion that

they were one and the same. It

was also noticed that the young
root-hairs, with delicate cell-

walls, are especially liable to be attacked ; that at the place

of infection a brilliant spot makes its appearance, as pre-

viously stated. If this is not one of the bacteroids it is

difficult to say what it is. The resulting tube grows down
the cavity of the root-hair, developing at the expense of

the cell contents.

In the lichens we have a fungus and an alga growing
together, the well-being of the fungus dependent on that

of the alga, and
vu-e versa. The
fungal portion alone

produces the sexual

organs of the hchen;
the fimgus extracts

nourishment from
the substratum,
while the algal por-

tion decomposmg
the carbonic ajid

of the air provides

at least a large

amount of the car-

bon necessary for

the growth of the

compound organ-

ism. Two organisms
growing together in

this fashion are said

to live a symbiotic

existence. There
are many examples
of such partnerships

in the vegetable

kingdom, though sometimes the partnership is only helpful

to one of the symbionts, as in the case of all parasites.

From researches conducted in 1888 and 1889, by Prof.

Marshall Ward, we have learnt more about the conditions

which rule the development of the tubercle and the

relations of the organisms to them. It was proved that

the relation between the organism and the host plant are

of the most intimate kind, and that the well-being of the

one depends upon that of the other. For instance, if the
growth of the plant were so modified that no more car-

bonaceous material was assimilated than it required for its

own development, then that of the tubercles was arrested,

and they were found to be very deficient in bacteroids.

In one experiment a stream of air was passed through the
water in which the plants were being cultivated. This
caused the plants to grow rapidly, but the amount of

Fig. 9. — Magnified view of cells from
tubercle with branching hvpha;.

carbon assimilation being disproportionate to their growth,

either no tubercles were formed or only very small

specimens made their appearance.

It may be interesting to note a number of experiments
actually made in this connection by Prof. Marshall Ward
in 1889 :—

" Six peas were placed in garden soil.

" Six peas were placed in silver sand with cultural salts

including a nitrate.

" Six peas were grown similarly in silver sand with
cultural salts but without a nitrate.

" Six peas were placed in sand with traces of soil wash-
ings or with pieces of

tubercle added.
" Six peas were

placed in sand steri-

lized by heating.
" Six peas were

placed in sand to

which salts (includ-

ing a nitrate) were

added."
On all the plants

grown, with the ex-

ception of those in

the sterilized media,

tubercles made their

Fio. 10.—Section showing the widening
of the hypha on passing through cell-

wall.

the plant and cultural medium is

appearance. It was
also shown that if

regarded as one system, there is a gain of nitrogen

either in the crop or in the medium surrounding the roots.

This nitrogen must have been taken from the ak. So far

as we know, the green plants themselves are unable to

effect such a gain, and we must conclude that its assimila-

tion was due to the tubercle-forming organism ; but where
does it get the energy to enable it to perform this operation ?

This seems to be derived from the protoplasm of the cells

of the green plant upon which it lives, and which it in

turn benefits by the nitrates assimilated. The precise

method in which the assimilation of the nitrogen of the

air is effected is still a mystery. When an element is

liberated owing to the decomposition of a compound, it is

said to be in a nascent condition. Now it is known that

hydrogen when in this state possesses especially powerful

properties, enabling it to effectunions with other elements,

or to decompose compounds which it could not under

ordinary circumstances attack ; and it has been recently

asserted by Windogradsky that in this condition hydrogen

unites with nitrogen in the living protoplasm of the

bacteroids. If so, the result would probably be the

formation of ammonia, which would unite with salts

derived from the soil, and thus the nitrogen would become
a source of food to the green symbiont.

Prazmowski asserts that he has succeeded in cultivating

the bacteroids

in nourishing
media, and that

they divide
indefinitely,
appearing as

minute motile

rods, and he ac-

cordingly places

them amongst
the Schizomy-
cetes or fission

fungi, the group
to which bacteria

belong. But it

Fig. 11.—Section

budding off

showing bacteroids

from hrpheD.
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should be mentioned that Prof. Marshall Ward has not

confidence in his cultures, and does not seem inclined to

give these minute bodies a similar place in his classifica-

tion of organisms.

It may be noted in conclusion that the leguminous
plant, being the stronger of

the two symbionts, directs the

growth. It provides space

in which the bacteroids may
develop by means of the

zone of merismatic cells, and
it encloses them in a corky

tissue, so that their develop-

ment may go on undisturbed

by external influences.

At the death of the bac-

teroids the plant absorbs the

nourishing matter provided

Fig. 12.— Section showing
bacteroids budding from tip

of livpba.

by them, and thus is a distinct gainer in the matter of

assimilated nitrogen. Further, the tubercles being

situated near the vascular bundle, a ready source of

nutrient material, in the form of carbo-hydrates (elaborated

in the leaves), is always open to bacteroids, and at the

same time the products of decomposition of their bodies

can be conveyed to the green plant as required.

THE FACE OF THE SKY FOR APRIL.

By Herbekt Sadler, F.R.A.S.

AM.\GNIFICEXT group of sunspots has lately been
visible on the Sim's disc. An annular eclipse of

the Sun will occur on the 5th, but no portion of

it will be visible in these islands. Conveniently
observable minima of Algol occur at lib. 6m.

P.M. on the 6th, at 7h. 55m. p.m. on the 9th, and at 9h.

37m. p.Ji. on the 29th.

Mercury is a morning star in the sense of its rising

before the Sun, and is at his greatest western elongation

(27|°) on the 10th, but as during the whole month he
does not rise more than forty minutes before the Sun, he
cannot be detected by the naked eye.

Venus is a morning star, but is decreasing in apparent
diameter and brilliancy, her brightness at the end of the

month being about two-thirds of what it was towards the

end of March. She is at her greatest western elongation

(46^°) on the 27th. On the 1st she rises at 4h. 3m. a.m.,

or Ih. 85m. before the Sun, with a southern declination of
8° 57', and an apparent diameter of 33^", -j^V'!^^ of ^^^

disc being illuminated, and her brightness being about
equal to what it was on January 21st. On the 11th she

rises at 3h. 48m. a.m., or Ih. 27m. before the Sun, with a

southern declination of 7° 32', and an apparent diameter
of 29|'', Tu'^s of the disc being illuminated, and the
brightness of the planet bemg about equal to what it was
on March 11th. On the 21st she rises at 3h. 32m. a.m.,

or Ih. 23m. before the Sim, with a southern declination

of 5° 16', and an apparent diameter of 251", Tooths of the

disc being illuminated, and her brightness being about
equal to what it was on March 7th. On the 30th she
rises at 3h. 17m. a.m., or Ih. 20m. before the Sun, with a
southern declination of 2° 39', and an apparent diameter
of 28", iVo*'^!^ of *^^ "^isc being illuminated. During the

month Venus pursues a direct path through part of

Aquarius into Pisces. On the morning of the 4th

she is very near the 4i magnitude star 6 Aquarii,

and on the following morning the 5} magnitude star p
Aquarii.

Mars is, for the purposes of the amateur observer,

invisible.

Jupiter is an evening star, but is so rapidly approaching
the Sun that we only give an ephemeris of him for the
first half of the month. While visible he pursues a direct

jmth in Taurus, through a region barren of naked eye
stars. On the 1st he sets at lib. Im. p.m., with a

northern declination of 19° 23', and an apparent equatorial

diameter of 34^". On the 15th he sets at lOh. 23m. p.m.,

with a northern declination of 20° 8', and an apparent
equatorial diameter of 33". The following phenomena
of the satellites occur up to the 15th, while the planet is

more than 8° above and the Sun 8° below the horizon :

—

On the 2nd an occultation disappearance of the second
satellite at 9h. 16m. p.m. On the 8rd a transit ingress of

the shadow of the first satellite at 7h. 28m. p.m., a transit

egress of the second satellite itself at 8h. 38m. p.m., and
of its shadow at 9h. 36m. p.m. On the 5th an occultation

disappearance of the second satellite at 9h. 24m. p.m. On
the 6th a transit ingress of the shadow of the third

satellite at 7h. 32m. p.m., and its transit egress at 9h. 87m.
p.m. On the 7th a transit egress of the shadow of the
second satellite at 8h. 58m. p.m. On the 10th a transit

ingress of the first satellite at 8h. 25m. p.m., and of its

shadow at 9h. 18m. p.m. On the 11th an eclipse re-

appearance of the first satellite at 8h. 49m. 57s. p.m. On
the 13th a transit ingress of the third satellite at

8h. 6m. p.m. On the 14th a transit ingress of the shadow
of the second satellite at 9h. 6m. p.m.

Saturn is an evening star, rising on the 1st at 7h. 14m.
P.M., with a southern declination of 6° 14', and an apparent
equatorial diameter of 18'7" (the major axis of the ring

system being 43" in diameter, and the minor 9|"). On
the 15th he rises at 6h. 13m. p.m., with a southern declina-

tion of 5° 50', and an apparent equatorial diameter of 18-7"

(the major axis of the ring system being 43" in diameter,

and the minor 9i"). On the 30th he rises at 5h. 8m. p.m.,

with a southern declination of 5° 26', and an apparent equa-

torial diameter of 18'6" (the major axis of the ring system
being 43" in diameter, and the minor 9"). On the

evening of the 11th the d^ magnitude star 72 Virginis

will be about j' south of Saturn, and at lOh. p.m. there

will be a conjunction of this star with Rhea. lapetus is

at his eastern elongation on the 9th, and in inferior con-

junction on the 27th. Saturn is in opposition on the 11th,

at a distance from the earth of about 808 millions of

miles. During the month Saturn pursues a retrograde

path in Virgo, being about 23' south of 74 Virginis, 5th

magnitude, on the 6th.

Uranus is an evening star, and but for his southern

declination would be favourably placed for observation.

On the 1st he rises at 9h. 26m. p.m., with a southern

declination of 15° 51', and an apparent diameter of 3-8".

On the 30th he rises at 7h. 26m. p.m., with a southern

declination of 15° 30'. Dm-ing the month he pursues a

retrograde path in Libra, up to and beyond a-. He is in

conjunction with a- Librre (3-0 magnitude) at lb. p.m. on
the 27th, of course in bright sunlight, and at lOh. p.m. he
is only 3*0s. p. and 4' 20" north of it. At 8h. p.m. on the

28th he is in conjunction with a^ (5'3 magnitude) at 6b.

p.m., 2' 15" to the north, but the asterism does not rise till

about 7h. 30m. p.m. At lOh. p.m. that evening he will be

l-7s. />. and 2' 23 ' north of a'. Asa' and Uranus are nearly

of the same magnitude and colour, this, if the weather be

clear, will prove a very interesting phenomenon, especially

as the Moon will be absent, o' a'-^ Librse form a wide
double, not, however, divisible with the naked eye on
account of the inequality of the stars, 231 " apart in the

direction of 314^°. A map of the stars near the path of



Apkil 2, 1894.] KNOWLEDGE. 95

Uranus, and a diagram of the conjunction, will be found

in the English Mchanic for March 23rd.

Neptune is an evening star, but should be looked for as

soon after sunset as possible. He sets on the 1st at

lib. 57m. P.M., with a northern declination of 20° 10',

and an apparent diameter of 2-5". On the 30th he

sets at lOh. 11m. p.m., with a northern declination of

20° 48'. A map of the small stars near his path will

be found in the EmiUsh Mechanic for December 29th,

1893.

Shooting stars are fairly plentiful in April, the best

marked shower being that of the Lyrids, with a radiant

point in E.A. 18h. + 33°. The radiant point rises on

the evenings of the 19th and 20th, when the maximum
occurs, at about 6h. 27m. p.m., and souths at 4h. 8m. a.m.

The Moon is new at 4h. a.m. on the Cth ; enters her

first quarter at Oh. 33m. a.m. on the 13th ; is full at

3h. 2m. A.M. on the 20th ; and enters her last quarter

at 3h. 20m. a.m. on the 28th. She is in perigee at 3h.

A.M. on the 11th (distance from the earth 229,280 miles),

and in apogee at 8h. a.m. on the 26th (distance from the

earth 251,330 miles). At 4h. 19m. on the 2nd the 61

magnitude star 29 Aquarii will disappear at an angle of 66°

from the north point (the star being below the horizon at

the time), and reappear at 5h. 27m. a.m. (10 minutes

before sunrise) at an angle of 252°. At 7h. 4m. p.m. on the

9th the 5^ magnitude star y} Tauri will disappear at an

angle of 67°, and reappear at 8h. 4m. p.m. at an angle of

278°. At ]0h. 54m. p.m. on the 10th the 6i magnitude
star B.A.C. 1746 will disappear at an angle of 92°, and
reappear at lib. 44m. p.m. at an angle of 273°. At

8h. 40m. p.m. on the 11th the 5i magnitude star 49

Aurigit will disappear at an angle of 76°, and reappear at

9h. 37m. P.M. at an angle of 305°. At lOh. 52m. p.m. on
the 12th the 6th magnitude star 76 (c.) Geminorum will

disappear at an angle of 111°, and reappear at lib. 49m.
P.M. at an angle of 286°. At 8h. 42m. p.m. on the 16th

the 4th magnitude star a- Leonis will disappear at an angle

of 78°, and reappear at 9h. 29m. p.m. at an angle of 357°.

At 4h. 28m. a.m. on the 19th the 6th magnitude star

B.A.C. 4394 will disappear at an angle of 106°, and
reappear at 5h. 25m. a.m. (the star being below the

horizon) at an angle of 306°. At 3h. 2m. a.m. on the 29th

the 5th magnitude star k Capricorni will disappear at an
angle of 53°, and reappear at 4h. 13m. a.m. at an angle of

264°.

Errata.—In Knowledge for February, page 47, column
2, for " The Moon ... on the 8rd " reail " The Moon
... on the 5th." In Knowledge for March, page 70,

column 1, last line, fur " 19° of arc " read " 19' of arc "
;

page 71, column 1, three lines from bottom of column, for
" 5h. 16m." read " 5h. 13m."

<S^t%% Colttutn.

By 0. D. LooooK, B.A.Oxon.

Communications for this column should be addressed to

C. D. LococK, Bm'wash, Sussex, and posted on or before

the 12th of each month.

Solution of Problem No. 11.

Key-move—1. R to B6.

Ifl. . . . PxR, 2

1. . . . K to B5 (or Kt x Kt &c). 2.

1. . . . Q moves, &c. 2.

1. . . . Kt (Q8) moves 2.

Q X KPch.
Q to Kt5ch.
Kt (Q6) to B5ch.
Q—B2 mate.

Ifl.

1.

1.

1.

If

Solution of Problem Ifo. 12

Key-move— 1. P to Kt4.

. KxE,

.PxR,

. P to Kt4,

. Anything else.

2. Q—Q5
2. B to R2ch.
2. Q to R5ch.
2. Q to KBch.

Solution of Problem No. 13.

Key-move— 1.

. EPxP,
, KtPxP,
. BxP,
, B to Kt5
, B to B4,
K to B4 by 2.

Q to KB.

2. Kt—KtSch. „

2. Kt to B3ch.
2. QxP
2. Q to B6ch.
2. Q to B6 or R8 mate.
Kt to B3 or B to B8.

K to Q4 by 2. Kt to Kt3 or B to Q3.

1. .

1. .

1. .

1. .

1. .

Dual after 1.

Also after 1.

We congratulate the three solvers {not the leading

triumvirate) who discovered these duals.

As explained fully in the February number, the dual
short mate does not count.

Correct Solutions received from the following :

—

Eleven Points.—A. C. Challenger, E. W. Brook.

Ten Points.—H. Holmes.

Nine Points.—J. H. Christie, L. Bourne, Chat, Alpha,

B. G. Laws, Semper, Guy, W. T. Hur'ey. Kt. J.

Six Points.—A Norseman.

The correct keys were also sent by A. R., but un-

fortunately too late for competitive purposes.

H. S. Brandreth.—Your solutions this month are pain-

fully incorrect. In No. 11. After 1. R to K8, KtxR;
2. BxKt, Q to E3 (!). In No. 12. After 1. Q to KB8.
PxR, Black has the better game, though White may
draw. In No. 13. After 1. Q to KB8, Black may play

almost anything except BxP, KtP x P, and of course

B to B4.

H. Holmes.—In No. 11, we would suggest 1. ... K to

B5 in reply to 1. P Queens. If then 2. Q xQP, Q to R3.
Unless you can proce that your move solves the problem,

the deduction of one point for the incorrect claim must
hold good.

^ Norseman. — In reply to (No. 11) 1. Kt to QKt7
P to Q3 looks a strong defence. The post-card

referred to has not been received.

A . R.—The adverse decision in your case seems neces-

sary, though much to be regretted. Your presence on the
" Jury " will be most desirable ; it is to be hoped, there-

fore, that with this end in view you will send solutions of

the remaining sis problems.

Leading Solvers' Scorbs.

Guy 51

B. G. Laws 51

Semper ... ... 51

A. C. Challenger ... 50
Kt. J. 48

W. T. Hurley ... 47
Chat 45

* Three solutions too late to ooant. t Did not send solutions of

No8. 1 and 2.

It is satisfactory to note that the supremacy of the three

leaders is not allowed to continue unchallenged. One of

H. Holmes ...

J. H. Christie

A. R.*
E. W. Brookt
A Norseman
L. Bourne

41

89
35
85
34
81
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them remarks on the singularity of the fact that they

missed two duals in the first eight sound problems. But

four duals missed in eleven problems is still more strange,

and certainly unusual.

Position No. 14.

" Enrichetta."

Black (i).

WmTH (10).

White mates in three movss.

Position No. 15.

" The Circle."

Black (4).

I

White (9).

White mates in three moves.

Position No. 16.

" A Norseman's a Chess-Piece.'

Black (10).

White (6).

White mates in three moves.

CHESS INTELLIGENCE.

[The three Problems in the May number will conclude

the Iseries.")

The long-discussed match between Messrs. Steinitz and
Lasker for the championship of the world has not only

been arranged, but no sooner arranged than begun. The
match goes to the winner of the first ten games, draws of

course not counting. The first portion of the contest

takes place at New York.

In the Southern Counties' Chess Union, Sussex defeated

Kent, at Eedhill, without very much difficulty. The
match between Hants and Surrey is still undecided, the

result depending on the interpretation of the time-limit

rule in the case of the game played at the top board.

The Inter-University Chess Match took place at the

British Chess Club on March 16th, Cambridge winning by
a bare majority. The following was the score :

—

Cambeidoe. won
H. E. Atkins, Peter-

house ... ... 1

P. H. Dyke, King's ... ^
H. .J. Snowdon, Queen's ^
L. W. P. Lewis, Peter-

house
A. B. Eamsay, King's

H. V. Naish, Emmanuel
G. Varley, Christ's ...

Oxford.



Mat 1, 1894.] KNOWLEDGE 97

^^^ AN ILLUSTRATED "^^

MAGAZINE OF SCIENCE
SIMPLY WORDED—EXACTLY DESCRIBED

LONDON: MAY 1, 1894.

CONTENTS.

Magnifying Powers most useful in observing with
Large Telescopes. Bv Piol'. E. E. Barnard, of the

Lick Obsers-atory. and Mr. S. W. Bvbnham

On the Mounting of Large Reflecting Telescopes.

Bv Sir HowAKD Geubb, F.R.S., &c., &l'. ...

Streams of Stars in the Milky Way. By A. C. Eaxtaed

Science Notes

Insect Secretions.— I. E_t E. A. Butlke, B.A., B.Sc. ...

Ancient and Modern Hippopotami. By R. Ltdekker,
B.A.Cantab

Nal<ed Eye Double Stars discovered by Burnham ...

The Luminiferous Ether. By J. J. Stewart, B.A.Cantab.,

B Sc.Lond.

What is a Comets Tall ? By A. C. RAirrABD

Letters:—J. P. MaCLEAR; A. E. WnlTEHOrSE ; L. KiTDAUX;
A. P. Skene ; VAr&HAjr Cornish ; T. W. Backhoxtse ;

J. S. ; Edw. G. Gilbert, M.D
The Face of the Sky for May. By Herbert Sadler,

F.E.A.S.

Chess Column. By C. D. Locock, B.A.Oiou

9S

101

102

103

106

111)

111

113

115

118

119

MAGNIFYING POWERS MOST USEFUL IN

OBSERVING WITH LARGE TELESCOPES.

By Prof. E. E. Barnakd, of the Lick Observatory.

M'
R. EANYAED is quite right about the superiority

of small powers for planetary work with a large

telescope. I have always used the full aperture

of the thirty-six-inch in my work. It is possible,

however, that planetary detail might be somewhat
improved with a slight reduction of aperture.

My experience with the higher powers has been
principally in the measurement of a list of close and
difficult double stars which I am observing at the request

of Mr. Burnham. What experience I have had with the

thirty -six-inch has been very varied. It has consisted in

the observation of the dovible stars referred to, the

measurement of the positions of very faint and distant

comets, observations of nebulae, of planetary details, and
the positions of satelUtes.

On double stars I have found it always satisfactory to use

one thousand diameters if the night will stand it, because

of the greater scale and ease of measurement. I have used
two thousand six hundred with perfect satisfaction, but

this requires a perfect night and is only useful where the

stars are bright and not too unequal. With very close

stars I should always prefer this power when the night will

permit its use.

Mr. Burnham's great experience in this line would,

however, make Viim far more competent to speak of the

powers useful for this class of work with the great

telescope than I am.
In reference to the planets, I can never get any satis-

faction from the surface markings of .Jupiter with as high
a power as one thousand, not even on the best nights.

Only the coarser details can then be made out. I find it

seldom satisfactory to use even five hundred and twenty.

The lower power of three hundred and fifty is always
preferable on this planet, and a similar remark also applies

to Mars. Five hundred and twenty gives a fine image of

Saturn, and sometimes one thousand diameters is useful,

though the lower power is to he preferred. This singular

peculiarity has always been apparent to me with all

telescopes in observing .Jupiter and Saturn. Saturn will

stand a much higher power than Jupiter, the latter

becoming vague and vapory with high powers. The
moons of Jupiter, however, readily stand one thousand,
giving clearly-defined discs with more or less stray Ught.

The newly-discovered fifth satellite does not stand mag-
nifying well and is lost with the higher powers.

I have lately been measuring the dimensions of the

asteroids Ceres, Pallas, and Vesta. They present well-

defined measurable discs and are very satisfactorily observed

with one thousand diameters, and on a good night I would
much prefer this power.

I think Mr. Ranyard's estimate of the powers that can
be used on the planets with the thirty-six-inch—forty or

fifty diameters to the inch— is, if anything, too high,

twenty or thirty would more nearly represent the values,

and for -Jupiter ten to fifteen, in my opinion, would be

nearer the mark.
In comet observations much will depend on the comet.

A smaU comet, with a definite condensation, is best seen

with powers of two hundred and sixty or three hundred
and fifty, and sometimes with five hundi-ed and twenty and
seven hundred. It is surprising how some comets will

stand magnifying. If the comet is large and diffused it

had best not be observed with the thirty-six-inch at all, as

the great separating power of that instrument would diffuse

it into nothing. I remember one night Mr. Burnham and
I tried to observe a nebula which was quite noticeable in

the finder, and we finally gave it up in despair without

having seen the sUghtest trace of it in the thirty-six-inch

with any power. But for the planetary and small indefi-

nite nebulse the great telescope is pre-eminent.

There is a very large eye-piece belonging to this instru-

ment that is very seldom used. The field lens is six inches

in diameter, and it will take in the entire moon. Whei-e one

would expect this to be specially useful—for faint objects

—

it is very disappointing. The sky becomes whitish and
milky in it, and one thus loses a delicate faint object for

want of blackness of field. I tried comets 1889 I. and
1889 v., when very distant from us, with this eye-piece, but

could not see a trace of them on account of the brightness

of the field ; but with powers of three hundred and fifty and
five hundred and twenty I followed the first of these objects

over one hundred million miles beyond the orbit of Jupiter,

and the other I observed nearly a year after it was lost to

all other telescopes. A view of the Orion nebula through

this large eye-piece is, however, very fine.

In reply to Mr. C. Robinson's letter published in

Knowledge for March, p. 64, I would remark that the

blue colour about Jupiter or a bright star in the thirty-six-

inch is much greater than in a good six-inch telescope.

The secondary spectrum is much more pronounced in the

thirty- six-inch than in the twelve-inch.

In speaking of the Orion nebula, there is a feature in

connection with some of its details that I have never seen
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mentioned, and which, though I first saw it with the large
eye-piece referred to, is well seen in the twelve-inch. The
southern sharply defined edge of the great bright area
in which is located the trapezium is distinctly bordered
by a dull red. There are other parts about it also that
show this colour. It is best seen in strong moonlight.
The three hundred and fifty eye-piece shows it also
distinctly. I am not prepared to say just what this
phenomenon is. I hardly think it is a telescopic effect,

because I have never seen it connected with any other of
the nebulffi. I first saw it some three or four years ago.
Mount Hamilton, California,

April 6th, 1894.

Benun-ks by Mr. S. W. Burnham on the SMne subject.

Eeferring to the note on the powers that can be usefully
used on large telescopes, which appears in the March
number of Knowledge, in which reference is made to
me and to my friend Mr. Barnard, I would say that the
highest power used by us on the thirty-six-inch refractor at
Mount Hamilton was two thousand six hundred. The focal
length of this eye-piece was given as one-fifth of an inch,
and its power was therefore originally called three thousand
three hundred, but a subsequent careful measurement
reduced this to two thousand six hundred. The other
powers in general use on the micrometer were one thousand
nine hundi-ed, one thousand five hundred, one thousand
seven hundred, five hundi-ed and twenty, and three
himdred and sixty. The lowest power was very rarely used
by me and, aside from the measurements ofnebula, probably
not half a dozen times a year. The eye-piece next to that
was used in the measures of very wide couples, where a
large field was necessary, and occasionally for extremely
faint companions to bright stars, where the distance was
several seconds. Most of my measures were made with
powers of seven hundred, one thousand, and one thousand
five hundred. My practice has always been, in measur-
ing close pairs, to use the lowest power which will give
the separation necessary for good measures. The nights
are not frequent, even at Mount Hamilton, when the
highest power can be used to advantage ; but there are
many very close double stars which cannot be measured
with anything else, and one must wait for a favourable
opportunity for such work. I kept on my working list

most of the very close pairs known to be in rapid motion,
and those which for a long time had been regarded as
single. Where the distances were 0-15" or less, the
measures were made with the two highest powers, and the
closest of these were always measured with two thousand six
hundred. Occasionally I have examined a doubtful object,
under exceptionally favourable conditions, ^ath one lens of
the highest eye piece removed. This, of course, gave a higher
power— I do not know what it would be—but the use of a
single lens was only an experiment, as the micrometer
could not be used in that way.

So far as my experience goes, these very high powers
are useless for anything but extremely close double stars.
I have looked at Saturn, Jupiter, and other planets many
times with high powers, and under no circumstances could
as much be seen in the way of surface details as with
moderate powers. For all ordinary purposes, I should sav
the range of useful eye-pieces would be within the limft
suggested—viz., about fifty to the inch of aperture.

Of course, I always used the full aperture of the thirty-six-
inch refractor in all my double star work. After using a large
instrument, one does not voluntarily take a smaller one,
nor reduce the aperture for any visual purpose. Nothing
is gained with any condition of the air by cutting down
the objective

; but there are some nights so poor—and I

have never seen worse ones than we had at Mount Hamilton
at times—when a small instrument is as good as a large

one, but these are occasions when no one would think of

attempting to make any measures.
Chicago.

ON THE MOUNTING OF LARGE REFLECTING
TELESCOPES.

By Sir Howaed Grubb, F.R.S., &c., &c.

WHATEVER may be said as to the relative merits

and demerits of reflectors and refractors,

there can be very little doubt that, for the

present, we must look to reflectors as offering

the most likely form by which to increase, to

any very large extent, the light-grasping power of our
telescopes. The difficulties in obtaining optical glass have
of late years been considerably reduced, and at the present
time discs of thirty inches diameter are not much more
diflicult to obtain than discs of half that diameter were
twenty years ago. There does not, however (in spite of

recent advances), seem to be much chance of obtaining
discs of optical glass which will enable us to construct an
objective which would equal in light-grasping power such
an instrument as Lord Eosse's six-foot reflector, which
has been in existence for half a century.

It seems strange that fifty years have been allowed to

elapse without any attempt being made to develop the

power of the reflector. This is not due to any optical

imperfections, or any great difficulty in making the optical

parts perfect, as is clearly proved by the splendid work
accomplished with reflectors by Draper, De la Rue, Common,
Roberts and others. Modern astronomical research,

however, requires that all instruments should be mounted
with an accuracy and delicacy which it was scarcely

possible to obtain, even if it had appeared necessary, at

the time when Lord Rosse's six-foot mirror was mounted.
Whenever the reflecting telescope has been mounted with
the rigidity and stability required for stellar photographic
work, when the clock-driving has been sufficiently accurate,

and when the correcting slow motions have been sufficiently

delicate, the mirror has held its own against the object-

glass ; and, at the present day, if the six-foot mirrors of

the late Lord Rosse were properly mounted on equatorials

which would carry them with the accuracy required for

modern work, it cannot be doubted that they would do
magnificent work in the hands of present-day astronomers.

There appears to be some probability that an attempt
will be made by our neighbours on the other side of the
English Channel to make a distinct advance in this

direction. In view of the rumours of a ten-foot reflector to

be constructed and mounted for the great exhibition in

Paris in 1900, it may be interesting to consider some of

the difficulties that will probably arise in the construction

of such an instrument, and how such difficulties might
possibly be overcome.

I do not propose to deal here with the optical difficulties,

feeling quite satisfied that they can be successfully dealt

with,if a disc of glass of sufficient size can be obtained; and
if not, then by the use of speculum metal. Dr. Common,
who has a most intimate Icnowledge of the difficulties to be
overcome in making such large instruments, is of opinion

that a silver-on-glass mirror of eight or nine feet aperture
is now possible.

It is, however, to the mechanical difficulties of con-

struction that I wish to address myself, as I believe, up to

this time, this matter has not been very seriously treated.

The problem is indeed one of enormous difficulty, and the

working out of the details wiU be a serious matter.



Mat 1, 1894.] KNOWLEDGE 99

Speaking generally, it may be taken that the whole weight
of the tube, mirror and cell will probably be some forty or

fifty tons, and in the present state of engineering skill it

does not at first sight appear to be so very difficult to

mount this on a simple universal stand, which will enable
it to be pointed to all parts of the heavens. But such a
mounting would be insufficient unless the telescope is to

be used simply for getting transitory glimpses of celestial

objects. It would be practically useless for all serious

work, bearing in mind the requirements of the future ; for

the chief hope of progress in astronomical research lies

undoubtedly in the application of photography. It would
appear to be not only useless (except to satisfy mere
popular curiosity), but an absolute waste of money and
energy to build an instrument of such lai-ge dimensions,
unless its light-grasping power can be utilized for celestial

photography.

The mounting must be of the equatorial form, and the

problem to be solved is how to carry the enormous weights
involved with all the accuracy and delicacy which are so

essential for stellar-photographic work, while at the same

Fig. 1 .—Section of the Telescope Tube, showing the doublet sides, and the direction

of the air currents which will be produced by the fan or blower.

time the instrument must also be readily available for

general visual work. To satisfy the latter condition, it is

necessary above aU things, as has been pointed out by
Dr. Common, that the eye-piece of the instrument should
not be at any great distance from the centre of motion.
This, in the ordinary Newtonian form, necessitates serious

modifications, for there would have to be a considerable
distance between the centre of motion and the centre of

gravity of the essential parts. The telescope would thus
be considerably out of balance, and dead-weight would have
to be added to correct this. The instrument, no matter
what its length and weight may be, must be carried as
evenly and acctirately as any of the smaller instruments
specially constructed for stellar photography, and this may
be expressed by saying that the pointing of the telescope

must never be in error by an amount greater than the

motion of a star in one-twentieth of a second of time.

It was, no doubt, in view of the very great difficulties

of fultilhng these conditions that Dr. Common was led to

believe that it would be necessary to revert to the alt-

azimuth form in mounting such large reflectors.

Now, when we consider that the lowest magnifying
power of an eight-foot reflector is about four hundred and
eighty, and of a ten -foot (such as is proposed for the

next Paris Exhibition) six hundred, it will be understood
how very unsatisfactory such a mounting would be for

large-size telescopes.

To view objects in a telescope satisfactorily, it is

necessary to bring them into or near to the centre of the
field of view ; but even suppose we are satisfied to view
them while in any part of the field of an ordinary eye-piece,

the object could only be viewed in the eight-foot telescope

for about fifteen seconds, and in the ten -foot telescope for

twelve seconds at a time. This would render the instru-

ment practically useless.

The larger the telescope the more important it is to

have it equatorially mounted, and driven

correctly by clockwork, so that the observer

may watch for a favourable opportunity for

distinct vision. It is to be remembered that,

in the case of very large apertures, it is

only in glimpses on a fine night that good
definition is to be obtained ; and therefore

it is all the more important that the ob-

server should have the opportunity of

watching for and taking advantage of these

favourable moments.
I have ventured, in a paper read before

the Royal Dublin Society on February 21st,

to shadow forth what I believe will be the

most hopeful principle on which to mount
a monster reflecting telescope.

Dr. Common himself has made a splendid

advance in adopting the system of flotation

of the polar axis ; this principle of flotation

appears to me to be capable of further de-

velopment, and I have given some thought

to the matter. It is perfectly possible to

make a tube for a Newtonian reflecting tele-

scope (which is necessarily closed at the

lower end) of such a weight, and with its

weight so distributed, that it will not only

float submerged in water to a certain point

(preferably near the upper end), but will be

in a state of equilibrium when placed at any

or in every position down to a certain angle,

the angle depending on the exact outside

form of the tube. For instance. Fig. 1

shows the tube closed at its lower end and

perfectly symmetrical round its axis. The total weight of

the tube must be equal to the weight of water which is dis-

placed when the tube is sunk to the centre of the sphere;

the weight of the different sections along the axis can be so

distributed that the tube will equally well remain in any

position, except it be so far turned over that the cylindrical

part of the tube is lifted out of the water at one end and

dipped at the other.

By making the spherical part of about the proportions of

the figure, the tube can be depressed to within twenty-five

degrees of the horizon, and still remain in perfect equi-

librium.

Now suppose the tube to have a pair of trunnions

attached at the water-line, and these to be carried on a,

polar axis of, say, the English type (see Fig. 2). We then
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have an equatorially-mounted telescope of any size, without
any weight whatever on the bearings of the dechnation
axis ; or, the tube may be hghteued by an amount nearly

equal to the weight of the polar axis, and there will then
be practically no weight whatever on the bearings of that

axis. So here we have a case of, say, an eighty ton
telescope mounted and carried by an equatorial, but
without throwing any weight whatever on the equatorial

mounting : and the force necessary to drive the instrument
IS then independent of the weight of the telescope, and
dependent only on the friction necessary to be overcome in

carrying the tube at an exceedingly slow rate through the

water.

The spherical protuberance of the tube being fixed near
the upper portion, and the water-line being made coincident

with the centre of the sphere, which is the centre of

motion, it follows that the eye end of the telescope can be
brought to within about fifteen feet of the centre of motion,

and the movement of the observer need never be more
than three feet per hour. To approach the eye end I

would arrange a stage independent of the telescope, and
mounted on rails round the tank shown in Fig. 2. Two
flights of steps would enable the observer to be always
within reach of the eye end.

To overcome the inconvenience to the observer due to

the rotation of the tube as the telescope moves in right

ascension I would perforate the circumference of the

tube at intervals of thirty degrees, attaching adapters for

eye-pieces at each place, and arrange the "flat-mount " in

a collar, so that the flat could be turned through angles
of thirty degrees, and the image of the celestial object to

be a detrimental mixture at the mouth of the tube, of air

from inside the tube (which will partake of the temperature
of the water) and the cooler or warmer outside air.

This I would propose to avoid by making the tube

double, with a space of some three inches between the

inside and outside tubes, hermetically closed except at

the lower end, where there would be apertures in the inside

envelope.

The space between the two tubes would be connected

through the trunnions with an air pump, worked by a gas

or other motor, which would continually exhaust the air

from between the two tubes, and thus cause a current of

the outside air to pass continually down the inner tube

and to the pump through the space between the two
tubes. This would keep the temperature of the inside

tube and the air in the tube constant with that of the

outside air.

A velocity of motion of the air of one foot per second
would perhaps be quite enough to entirely overcome this

difBculty.

To avoid dewing of the mirror when the air outside was
warmer than the temperature of the water, I would
propose to warm the mirror by electric arrangements at

its back, always keeping the mirror one degree above the

temperature of the air.

Second—The limited range of the equatorial. I have
stated that the instrument would be in perfect balance

down to twenty-five degrees from the horizon. If desired,

though no longer perfectly balanced, it can be used lower

by employing a chain or wire rope connected between the

lower end of the tube and the upper end of the polar axis,

Fio. 2.—Section of the whole lostrumeut, showing the tube, polar axis and tank, fogethpv with the motors for producing

the necessarv motions.

be observed would be thrown through the perforation of

the tube which was most convenient for observation.

Let us inquire into any possible disadvantages that may
be urged against this form of mounting :

—

First—That the temperature of the water will often be

different from that of the air, and consequently there will

and the amount which the instrument would be out of

balance, between twenty-five and twenty degrees, would be

very trifling.

Again, it will not be convenient to use the instrument

within some fifteen degrees of the pole. It could be

planned to go somewhat closer, but when it is considered
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tbat nine-tenths of the work required to be done can be
commanded by this instrument, it is clearly better to

design it to do that nine- tenths well than to strain it into

motion in right ascension, one for the setting in declination,

and the fourth instead of the usual clock for following the
stars.

Fig. 3.—Porsjiective view male from the model of tlie proposed lustrumeut. It shows the movabh' g.iUerv to which tlie steps are attached,
by means of whieh the observerobtains ready access to the eye end.

doing another five degrees that would only be useful on
very rare occasions.

Third— It may be urged that the friction of the water

will prevent the rapid setting of the instrument.

In a telescope of this size all the motions would be

effected by motors of some description, guided by the

observer from a commutator board at the eye end, and
there would be no difficulty in setting the telescope quite

as quickly as could be expected considering its great size.

Fom'th—It may be objected that currents will be set up
in the water by the moving of the telescope, which currents

will affect the steadiness.

No doubt this will be the case to some extent, but

these will quickly subside, and the motion necessary for

following the stars will be so slow that no perceptible

effect of this kind will be felt from it.

I would make all the motions of the telescope and
observing stage by electro-motors, controlled from a commu-
tator board at the eye end of the telescope. A one-horse

power gas engine would give all the power required to work
this telescope. This could be fixed some distance from the

telescope so as to avoid vibration. During observations it

would be used to work the air pump, which would be either

some form of fan such as the Blackman, or some blower

like Root's or Beak's. During the day the gas engine

would be used to charge storage cells for the motors, of

which four would be required, all of them being under the

control of the observer at the eye end. One motor would
be required for the observing stage, one for the quick

STREAMS OF STARS IN THE MILKY WAY.
By A. C. Eaky.^jid.

I

AM indebted to Dr. Max 'Wolf, of Heidelberg, for the
beautiful photograph which accompanies this note.

It represents a very rich region of the Milky Way to

the north of Sagittarius, and lies on the edge of the
great dark rift which divides the Milky Way into

two streams through about half its circiut round the
heavens. The region photographed is not very far

removed from the part of the Milky Way on the borders of
the constellation Hercules, towards which the sun is

drifting in space, certainly at the rate of ten mQes a second.
At such a pace, if the sun continues his course in a straight

line and his motion is not disturbed by the attraction of

some enormous mass of matter of whose existence we are

at present ignorant, it will in the course of eighty thousand
years have passed over a space equal to the distance
separating us from a Centauri, our nearest neighbour
amongst the stars. In a million years the sun will have
passed over twelve and a half times that distance, and if this

region of the Milky Way is twelve and a half times as dis-

tant as a Centauri, the larger stars shown in this photograph
must be very large or very bright compared with our own
sun.

The plate has been etched so as to show numerous
streams of very faint stars whose images are not as dense
and black as the images of the larger stars, and in bringing

out these very faint objects it has been impossible to avoid
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showing a slight fogging and other small photographic
defects, which are most evident near to the bottom of the
plate. But the general nebulosity on the left hand of the

plate—a nebulosity which is densest where the stars are

most thickly distributed—represents true nebulosity as

shown on Dr. Max Wolfs photographs.

The cluster near to the centre of the plate exhibits

several radiating and branched streams of very faint stars

somewhat similar to the branching streams which are

shown radiating from the Hercules cluster in the photo-
graphs reproduced in Kno^v'ledge for June, 1893, but it

must be remembered that this photograph is on a very
small scale compared with the pictures of the Hercules
cluster above referred to. I should like to draw the
reader's attention to two curious undulating streams or
strings of stars, which extend from the cluster towards the

south or left hand side of the plate.

A somewhat similar series of curves of stars will be
found about two inches higlier up on the plate—that is,

on the preceding side of the stream of stars trending to

the south from the cluster in the middle of the plate.

Fig. 1 shows them, and also shows a brighter line or

;.•• \'.

Fm. 1—Triple Arch of Stars, j

channel running alongside the strings of stars. There
are several such bright channels or lanes (which on the sky

mean dark channels) m the nebulosity, very distinctly

traceable in Dr. Max Wolf's photographs, and also in

those of Prof. Barnard. If these channels were due to a

photographic defect, we should expect to find a nebulous
band joining the star images of a stream of stars rather

than a breach in the nebulosity lying on one side of the

star stream. It is easy to conceive that, owing to imper-

fections of the optical image representing a star, the

central spot of light might be surrounded by a nebulous
haze, which in the case of a row of stars would merge
together, and possibly in a photograph cause the stars to

appear to be linked together by a nebulous baud. But it

is difficult to conceive of any optical reason for this

reversed effect, especially as the brighter channels are not
always coincident with or parallel to lines of stars.

I would invite the reader's attention to the curious small
bright channels, as well as streams of faint stars, in the

region of the plate reproduced in Fig. 2. It represents an
area near to the top of the plate

.vCi'v* just below the beginning of the

k" rt*- -
-."".*'''*' word " preceding."

a-V^v"V /•^•'••''•'^•.*'i Some of the streams of fainter

H''- v" r\^''^\*'>*
' ^^^^^ i^ t^'S region are very

!f:ji'': Xf'^'^i-*'''^'''' striking, and must convince the
't. >4 .''*'-% ,''.:!^\''' most sceptical of their reality.

{,• /" ;''''. '/"**.'<'«. It is possible to draw an arc of a
'j" •' .

*^ circle through any three stars, and
a conic section through any five

;

(Fio. 2.—Curving Streams but where we find ten or twenty

of Stars. stars falling into line, not once,

but in many cases, and that there is

a curious similarity between the strange curves and
branching streams which these phalanges of stars mark
out on the heavens, there is no room left for doubt that

the mind is not being led away by a tendency of the

imagination similar to that which finds faces in the fire, or

sees a man carrying sticks on the face of the moon.

If it is proved that a group of stars is arranged in line

or marshalled in any order, it would follow that the

individuals of the group must be actually as well as

apparently close to one another, and that they form some
kind of system, having all of them had a common origin,

or been subject to some common influence. What these

streams and curves of stars mean, and what forces have

marshalled them in lines, forms one of the grandest

problems of the future, one that I trust I may live to see

unravelled.

Scwnct Notes.

Mr. Worthington P. Smith, in his new book, " Man the

Primeval Savage," summarizes in a vivid chapter the

surroundings and general appearance of the palaeolithic

men. The forests which then so extensively covered the

British Isles harboured animals against which they had
ever to guard ; the lion, wild cat, bear, wolf, rhinoceros,

and hysena were among the most terrible to them, and the

elephant, mammoth, hippopotamus, and bison were no
doubt also to be feared.

From the bones that have been found it is noticeable that

these earliest known men were shorter in stature, broader

in the back, and less upright than the man of the present

age ; but it is not so clear how Mr. Worthington Smith has
discovered that the hair which covered them was probably

of a bright chestnut red. The forehead receded, and
the heavy overshadowing brow-ridges suggest a creature

but little removed from the arboreal ape in his habits.

Fear of their common enemies, those animals which
would attack stray men who were isolated from their

fellows and therefore helpless, obliged them to live in

social communities, and to give one another aid and pro-

tection to some extent. But, reasoning from the condition

of existing savages, Mr. Smith infers that the feebler

among them were recognized by the rest as being useless

to keep and unprofitable to provide for, so that if any one

of their companions was badly injured by accident or

attacked by disease, he was hunted away by the rest for

the wolves to rid them of him, or deliberately killed.

Another marked resemblance to animal habits is seen in

their apparent neglect of their dead, unless they burnt

them ; for if any deliberate burial occurred, it is singular

no traces have survived. Possibly, as Mr. Smith hints,

they were cannibals, and not only the dead but the weaker
living among them became at times victims to the

stronger. Their chief labour was the manufacture of their

implements of flint, which were chipped out of the stories

in the shape of knives, arrow heads, and such weapons.

It is curious to notice that these were entirely fashioned

by dexterous chipping, and this was a matter of consider-

aijle difficulty when the projected implement was to have

a keen knife edge ; the idea of rubbing one flake on another

stone to produce a sharp edge did not occur to man till

the neolithic time. These, with branches of trees cut as

sticks, formed their only tools and weapons against wild

animals. With such flint tools they could hunt only

the smaller animals for food, but would possibly also

devour the larger ones when they found them already dead.—I • I

—

At the last meeting of the Koyal Meteorological Society,

Mr. Inwards, the president, gave an account of various

balloon ascents which had been undertaken with the

object of making meteorological observations. In 1850
Messrs. Barral and Bixio, when they had ascended to

twenty thousand feet, found the temperature had sunk to

15° Fahr., but this was in a cloud, and on emerging from

it three thousand feet higher, the temperature fell as
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low as HiiMM-s 38^, or 70^ below freezing point. In 1862
Mr. Glaisher and Mr. Coxwell made their famous ascent,
when they reached an altitude of about seven miles from
the earth. A short time ago a balloon, without an
aeronaut, but having a set of self-recording instruments
attached, was sent up in France, and from the records
obtained it is shown that a height of about ten miles was
attained, and that the temperature fell to minus 104" Fahr.

Clouds are simply a form of water made visible by the

cooling of the air which previously held the water in the

form of invisible vapour. Every cloud may be regarded
as the top of an invisible warm column or current

thrusting its way into a colder body of air. The com-
parative altitude of a cloud may be judged, when there is

no time or opportunity to make exact measurements,
from its form and outline, its shape or shadow, its

apparent size and movement, its perspective effect, and
the length of time it remains directly illuminated after

sunset. By the last method Mr. Inwards states that some
clouds have been estimated to have been at least ten

mUes above the surface of the earth. The cloud velocities

at high altitudes have been carefully noted at the Blue
Hill Observatory, Mass., U.S., and show, practically, that

at about five miles in height the velocities are three times

as fast in summer and six times in winter as the velocities

of the currents on the earth's surface.

Dr. Hume, in his thesis for the Doctorate of Science,

has given geologists a minute and exhaustive account,

chemical, mineralogical, and biological, of the zones of

the upper Cretaceous in the south of England. With
regard to the vexed question of the origin of the chalk,

so interesting in its bearing upon the permanence of the

great oceanic troughs. Dr. Hume is of opinion that the

organic remains point to an ocean which, if not abysmal,

was at least far deeper locally than many prominent marine
areas. The opinion which M. Cayeux formed from a study

of the minute derived minerals in the chalk, that this rock

is after aU a shallow-water deposit, is contested by Dr.

Hume, and he hints not obscurely at ice and ocean currents

to explain the mineralogical difference between the chalk

detritus and the corresponding constituent of the globi-

gerina ooze now accumulating in the Atlantic.

INSECT SECRETIONS.-I.

By E. A. Butler, B.A., B.Sc.

AS
a gi"oup, insects are remarkable, when compared
with the other great divisions of the animal

kingdom, for the number and variety of the

secretions they produce, whether it be for pro-

tection against their numerous enemies, or for

constructive or other purposes connected with their own
economy. Not only are these secretions useful adjimcts

to the creatm-es from which they emanate, but they are

also the source fi'om which most of the valuable products

obtained by man directly from the insect world are derived.

Such materials as wax, silk, lac, cochineal, all of which

are of the nature of secretions, will at once occur to the

mind and serve to exemplify the variety mentioned above,

and the commercial advantage that may accrue when man
can take under his own control the wonderful secreting

power of these little beings. But these four products,

though amongst the chief of what we have found it profit-

able to employ for our own purposes, and therefore by far

the best known are but a very small proportion of the

multitude of substances secreted by insects ; and we pro-
pose in the present series of papers to try to gire some
idea of the immense number and variety of these products
of insect vitahty. The subject will open up, to such of our
readers as possess the requisite qualifications and care to
pursue the inquiry, a wide field of investigation, for in many
cases but little is known of the exact composition of the
substance secreted, and the discoveries of the last few
years have shown that in aU probability many more exist
than are yet known or even supposed.

It may be premised that such secreted substances as we
are here speaking of will, in their primitive condition, be
liquids, though these may afterwards, when stored or
brought into actual use, either solidify or vaporize ; and
further, that the presence of a secretion implies the
existence of a special apparatus for the purpose of
elaborating it. To this apparatus the general name of
" gland" is applied, whatever may be its exact structure.
To constitute a gland, all that is essential is a cell, or a
group of cells, which shall have the power, under nervous
stimulus, of elaborating from the materials with which
they are supplied the secretion in question. There wiU
in most cases also be some means by which the secretion,
when formed, can be conveyed to the spot where it is

required, and this will fi-equently be in the form of a tube
or tubes called " ducts." There may also be superadded
to these parts a storage reservoir, especially when the
secretion, though tolerably constant in its formation, is

used only at intervals. Of course such substances as bile,

saliva, &c., which occur in many groups in the animal king-
dom, are of the nature of secretions, but we do not propose
to deal here with such as are common to many classes
of animals, but only with those that, with one or two
slight exceptions, are characteristic of the class Insecta.
These secretions are not confined to any particular gi-oup
of insects, and in fact, of all the eight or nine orders into
which the majority of insects naturally fall, not more
than one or two will be omitted from our enumeration as
being of insignificant importance in this direction. By
far the most extensive group thus excluded is the order
Diptera, or two- winged flies, to which we look in vain for

any noteworthy secretions of the kind we are speaking of.

Even the formation of silk, which is so common amongst
other insects with a complete metamorphosis, is practically

absent fi'om this order. One good reason for this wiU
readily occur to the mind. One of the chief uses of silk

to insects in general is to protect them in their helpless

pupal condition ; but a large number of the flies, it will be
remembered, form their chrysaHs inside the last larval

skin, which hardens into a ban-el-shaped receptacle, the
whole structure thus formed going by the name of
" puparium." Thus the chrysalis, being ah-eady protected
by the hard barrel-like skin of the larva, requires no other
envelope, and the silk-forming power is consequently absent.

In silk we have the chief secretion

which is shared by animals outside the
limits of the class Insecta ; spiders,

in making receptacles for their eggs
(Fig. 1) (the so-called cocoons), and in

building up their snares, use a gummy
secretion drawn out into a fine

thread, which is sometimes scarcely

distinguishable from the sUk of

insects. The sUk of which their egg-

cases are formed is most like that

of insects, as is evidenced by the
apphcation of the term "cocoon" to

them, though they shelter eggs and
not pupa. The silk of which the

Fia. 1. — Spider'i

oocoon suspended from
twig.
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snares are made is less like that of insects, inasmuch
as it remains more or less viscid after exclusion, while

insect silk hardens at once on exposure to the air. If

the silk of spiders' webs did not retain its viscosity,

it would be of little use for entrapping victims to

supply the larder ; and, on the other hand, a permanent
viscosity in the silk of cocoons, whether the egg ones of

spiders or the chrysalis ones of insects, would be a draw-

back rather than an advantage, as the cocoon would
become encumbered with rubbish which would adhere to it,

and consequently we find no such property developed in

ihis connection. The position of the silk glands, too, is

quite difi'erent in spiders from what obtains in insects. In
the former they are situated in the abdomen, and the silk

issues from innumerable minute orifices situated on papillas

imder the tail end of the body ; whereas the silk glands of

insects are placed in the anterior part of the body, and the

ducts open by a single orifice on one small papilla just

beneath the lower lip and outside the mouth.
Early in the last century, Reaumur made some inquiries

as to the comparative value of the silk of spiders and that

of silkworms for manufacturing purposes. The inquiries

were suggested by the achievement of a certain M. Bon,
of Languedoc, who had succeeded in making stockings and
mittens of spider silk. Reaumur found that the thread of

the spider's cocoon had about eighteen times the strength

nf that of the web, and further, that it would take about
five of the spider's strongest threads to equal one of the

silkworm's. He calculated also that it would require

nearly thirteen times as many spiders as silkworms to

make the same amount of silk, and since only the cocoon
silk would be available, of course all of these must be

females. The superiority of insect silk was thus un-

mistakably demonstrated ; while the further difficulty, that

the natural ferocity of spiders rendered it impossible to

keep large numbers of them together, put the idea of

profitably using their silk out of the question.

We have already pointed out that the power of secreting

silk is possessed by insects in their larval state only, the

glands by which it is secreted being aborted in the adult.

The commercial importance of the silk derived from the

Chinese silkworm leads us, no doubt, to mentally associate

silk most closely with the caterpillars of moths and
butterflies, but its production is not confined to the order

Lepidoptera, though what is produced by insects outside

that order has no commercial value. Amongst the

Hymenoptera, for example, we find saw-flies and ichneumon
files making cocoons just as successfully as any lepidopterous

insect. The larvse of some ants also make a silken cover

within which to become pupse, and those of bees and wasps
cover the entrance to their cells with a silken cap, so that

they may pass into their resting condition undisturbed.

Some beetles, too, make neat little network or papery
cocoons, which are attached to the food-plant. The
caddis worms, again, which are the larvae of caddis-fiies,

members of tbe order Trichoptera, line their curiously-

constructed cases with silk, so as to form a smooth and
comfortable chamber. The same material is used to

fasten together the shells, grains of sand, bits of stick, or

dead leaves by which the case is ornamented outwardly,

as well as to make the grating by which the end of the

case is guarded when the enclosed insect becomes a pupa.
Lastly, even the common flea envelopes itself in a little

silken ball when it changes from a wriggling maggot into

a restful, dumpy chrysalis. Thus we see that the power
of secreting some sort of material to which the name
" silk " may fairly be applied is found in at least four

orders, though in only three of them is it widely prevalent.

As one of the chief uses of silk is to construct cocoons

for protecting the chrysalis, silk glands must not be
expected to be present in insects whose metamorphosis is

incomplete, and in which there is no such thing as a

chrysalis ; so that to dragon-flies, grasshoppers, crickets,

earwigs, bugs, &c., silk spinning is an imknown art. And
as we have seen, even amongst those insects whose meta-
morphosis is complete, there are many that pass through
their changes without the assistance of silk. It is un-

questionably in the order Lepidoptera that the silk glands
reach their highest perfection, and here the uses of the

secretion are manifold. Many larvis of moths hang
suspended by a silken thread when suddenly shaken from the

trees on which they are feeding ; others construct shelters

by fastening leaves together or building fixed galleries or

movable tubes, while social caterpillars employ their silk

to fabricate a nest which all may use in common. There
is a curious little moth which is a great pest in choco-

late warehouses, and which, living in enormous swarms
together, sometimes covers the whole of a wall with a thin

sheet of silken webbing to facilitate the movements of the

members of the colony. The same secretion, too, helps to

bind together the cocoa-nibs, and prevent them from
shifting as they become disturbed by the ravages of the

insects. It is of this destructive pest that Curtis speaks

in his " Farm Insects," when he draws the following

horrifying picture ; "I have known bushels of cocoa-nuts

which were, every one, worm-eaten and full of maggots,
with their webs, excrement, cast-oiJ skins, pupte, and
cocoons, all ground down to make chocolate, flavoured, I

suppose, with vanilla."

Should a caterpillar wish to change its skin, it will often

spin a little raft of silk upon a leaf to serve for foothold

for the " claspers," while it crawls out of its old skin

through a slit in the neck. The hooks with which the

claspers are furnished being inserted firmly amongst the

meshes of the silken structure, a position of vantage is

gained, and the creature can use all its strength to pull

itself out from its old skin, which will be left collapsed on
the raft. And then, when the pupating time comes round,

the results of the use of silk are of the most varied

description. In some cases a distinct cocoon is made,
smooth and even inside, and more or less rough outside,

either white or of some shade of yellow or brown, the

texture varying from that of a thin and brittle papery film,

or a hard and chippy layer in which no threads can be

traced, to the loosest possible network of distinct threads.

If the caterpillar adopts a subterranean retreat, either a cell

is excavated in the loose earth, and the fragments of soil in

its walls cemented together by silk, or a complete and
tough silken lining is made, which easily comes away from
the surrounding earth when it is dug up. Such subter-

ranean cocoons may often be found round the roots of

trees, especially where the soil is bare and aftbrds easy

ingress to the burying caterpillars.

A third method of utilizing the silk for pupation is to be

met with amongst the larvse of butterflies. These insects

are very chary of their silk, expending an exceedingly

small quantity of it on their pupating arrangements, and
rarely making even so much as a loose web. Sometimes
there is merely a small button of silk to serve as a support

for the tail of the chrysalis, which thus hangs head down-
wards from the underside of a leaf or a ledge of some
sort. The beautiful butterflies known as Vaiu'ssid(r, and
popularly called tortoiseshells, admirals, peacocks, &o.,

pupate in this way, as also do the lovely spotted

fritillaries. The process of suspension by the tail is a

difficult one, and is carried out in a remarkable fashion.

The button of silk is first formed, the caterpillar laying

down layer after layer, each one over a smaller area than
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ri&. 2.—Hooks
at end of chrysalis

of Red Admiral
Butterflr.

the preceding, so that a conical mass is formed. Then
the hooks of the last pair of prolegs are entangled in the

mass, and the caterpillar swings down into a vertical

position. It has now to cast its skin, in

order to appear as a chrysalis. The head
is bent round in a curve and after a

while the skin splits along the back, and
the contained chrysalis appears through
the opening. By various contortions it

manages to push the old skin gradually

backwards towards the point of suspen-

sion. The tail of the chrysalis is not

yet attached to the support, though the

old skin is ; but before the skin is pushed
quite off, it is necessary for the chrysalis

to secure itself. This it does by working
itself gradually upwards by means of the still partially

investing skin, and stretching out its tail till it can reach

the button of silk. The tail is provided with a large

number of hooks (Fig. 2), and by means of these the

chrysalis fastens itself to the silk, and hangs securely while

the skin is completely pushed away.
The white butterflies and their allies, as well as the

swallow-tails, make a more elaborate arrangement. For
some reason or other, they elect to lie parallel to the

surface of support instead of hanging freely suspended.

They therefore add to the tail button a thin loop round
the anterior part (Fig. 3), fastened on each side to the

object of support, but not in any way
adhering to the chrysalis, which there-

fore lies free in the loop. The loop is

made either by the caterpillar bending
backwards and running its threads

from side to side over its body, or by
constructing the loop first and after-

wards getting into position.

The ancients were sorely puzzled as

to the origin of the silk of commerce.
For many centuries it reached Europe
only as a raw product, or a manu-
factured article coming from the East,

where it was cultivated, a region which
to an average European might as well

have been, for aught he knew about it,

in another world. Thus, never having

seen the thing in its natural condition

as produced by the silkworm, they

trusted to rumour for the explanation of

its origin, and, as usual, rumour grotesquely mangled the

tale as it travelled from mouth to mouth many times over.

Silk had some sort of connection, it was understood, with

the animal kingdom and some with the vegetable, but

what was the precise share of each was by no means clear.

Certain insects and trees had a kind of partnership in

its production, but only the vaguest notions were current

in many places as to the sort of insects and trees that

were between them responsible for the lovely product.

Perhaps we cannot do better, in order to show the

absurdity of the ideas held on this subject even by
educated people some eighteen centuries ago, than quote a

passage from the naturalist PUny, who flourished during

the golden age of Latin literature ; and as the crudity of

the ideas will find a better match in an antique English
version than in the literary language of the nineteenth

century, we will adopt the rendering of an old translator.

The passage is as follows : "They build their nests of

earth or clay, close sticking to some stone or rock, in

manner of salt ; and withall so hard, that scarcely a man
may enter them with khe point of a spear. In which they

of

FlO. 3.—Chrysalis
Swallow-tail But-

tertty, suspended by
button and loop.

make also wax, but in more plenty than bees ; and after

that, bring forth a greater worme than all the rest before

rehearsed. These flies engender also after another sort

namely, of a greater worme or grub, putting forth two homes
after that kind : and these be certain canker-wormes. Then
these grow afterwards to be Bombilii, and so forward

to Necydah : of which in six months after come the

silke-wormes Bombyces It is commonly said,

that in the Isle Cos there be certain silkwormes engendered
of flowers, which by the meanes of rain-showers are

beaten downe and fall from the cypres tree, terebinth,

oke and ash ; and they soon after doe quicken and take life

by the vapor arising out of the earth. And men say, that

in the beginning they are like unto little butterflies, naked,

but after a while (being impatient of the cold) are over-

growne with haire ; and against the winter, arme themselves

with good thick clothes ; for being rough-footed, as they are,

they gather all the cotton downe of the leaves which they

can come by, for to make their fleece. After this, they

fal to beat, to felt and thicken it close with their feet, then

to card it with their nailes ; which done they draw it out

at length, and hang it betweene branches of trees, and

so kembe it in the end to make it thin and subtill. When
al is brought to this passe, they enwrap and enfold them-

selves (as it were) in a round bal and clew of thread, and

so nestle within it. Then are they taken up by men, put

in earthen pots, kept there warme, and nourished with

bran, untill such time as they have wings according to

their kind ; and being thus well-clad and appointed, they

be let go to do other businesse."

With such a ridiculous collection of nonsense had the

elite of Eoman society to be content, if they wished to know
anything of the origin of the soft and brilliant fabrics

which they so much prized as a novel article of clothing.

It is plain that the author writes simply from hearsay,

and has jumbled up together notions derived from different

insects and embellished them with freaks of the imagina-

tion. And yet there was nothing so very extraordinary in

the production of silk by silkworms. The counterpart of

the process was going on every season in wild nature in

hundreds of places in the coiintry districts all round the

Western folk as well as in the remoter regions of the far

East ; and one would have thought that they might have

recognized enough resemblance between the cocoons of the

wild Lepidoptera of their own regions and the silk of

commerce to have made a nearer guess at the origin of

the latter, had they but had eyes to observe more carefully

what was going on in the woods and fields close to their

own doors. Another account was even more ludicrous,

for it was gravely stated that silk was the entrails of a

spider-like creature which was fed for four years on a kind

of paste, and then with willow leaves, till it actually burst

with fat.

The silk-glands of the silkworm are, as might be expected,

exceedingly well developed, and may be taken as the type

of the organs for the order at large. On opening the body

of a silkworm, the glands may be seen as twisted tubes

Ijong partly by the side of, and partly underneath the

stomach. Each consists of three parts. The central, which

is the most prominent, is a stout, yellowish tube, bent into

folds ; this is prolonged behind into a much-twisted but

narrower tube, and in front into a very fine straight one.

The straight tubes of the two glands unite to form a

common canal, which leads to the spinneret or papilla

placed beneath the mouth. The gummy secretion which

is elaborated in the lower divisions of the glands passes

as fine threads into the common canal, where another

secretion from small glands at the sides unites the two

threads into one, at the same time giving the combined
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thread the beautiful gloss which is one of its strongest

attractions ; and finally, the composite fibre thus made issues

at the pore of the papilla and speedily hardens. In form-
ing the more compact portion of the cocoon, the caterpillar,

which is of course inside at the time, bends its head over

its back and sways it backwards and forwards, tracing out
with its silk a series of figures of eight which adhere to

one another by reason of the stickiness of the thread when
fresh foiTfled. When a patch of silk has thus been laid

down in one position, another is similarly placed else-

where, and so on till the cocoon acquires the requisite

thickness all over. The amount of silk used depends upon
the amount and nature of the food on which the insect has
been reared. Sometimes as much as half a mile of silk

may be unwound from a single cocoon, and it is easy to see

what a vast amoimt of work the laying down of such a
length entails upon the caterpillar, and what an enormous
number of times it must sway its head backwards and
forwards through the narrow limits of its silken envelope
before its toils are over.

(To be continued,.)

ANCIENT AND MODERN HIPPOPOTAMI.

By E. Lydekker, B.A.Cantab.

THE popular conception of hippopotami is that they
are clumsily-built creatures of enormous size and
bulk, spending the greater portion of their time in

the rivers and lakes of Africa, where they are
more at home than on land, diving with the

readiness of a crocodile, and even walking on the river

bed with their bodies submerged many feet below the
surface of the water. As regards the common hippo-
potamus (Hippopotamus amphiiius), which is the one that
has alone been exhibited in our Zoological Gardens, and
portraits of which we are enabled by the courtesy of the
Secretary of the Zoological Society to present to our
readers, this conception is a perfectly true one. As,
however, is so frequently the case in popular zoology, this

conception, excellent as it is so far as the common species
is concerned, does not cover the whole ground, for it

happens that there exists in Liberia a second species of the
genus, known as the pigmy hippopotamus (H. lihcnimsis),

differing not only in size, but likewise in habits from the
one with which we are all familiar. In place of attaining
a total length of about eleven feet, measured in a straight
line, and weighing probably some three or four tons, the pigmy
hippopotamus is not larger than a good-sized wild boar,
although it has the short and stout limbs of its gigantic
cousin, with which it also agrees to a certain extent in the
relatively large size of its head. As regards its mode of
life, this species differs, however, in toto from the common
one. Instead of passing at least as much of its time in
the water as on land, and never living away from rivers or
lakes, the pigmy hippopotamus is an inhabitant of the
dense tropical forests of that part of western Africa which
is its home, where it apparently leads a life very similar to

that of wild pigs, wallowing in swamps after the manner
of those animals, but apparently not habitually frequenting
rivers, though it is doubtless, like almost all mammals,
able to swim well when the necessity arises. Moreover,
in place of associating in large herds after the manner of
the common species, and never moving far from one
particular locality, the Liberian hippopotamus is a com-
paratively solitary creature, gomg about at most only in
pairs, and wandermg long distances through the woods,
where it seems to have no definite place of abode.

Out of a large number of representatives of the genus

once widely spread over the Old World, the common and
pigmy hippopotami, both of which are confined to Africa,

are the only species which have survived to the present

day ; and the reader will at once see, when we have to take

into consideration the probable habits of the extinct kinds,

how fortunate it is that these two widely different forms

have been preserved to us. Were there only the common
species, we should have had no conception that any
hippopotamus possessed the habits characterizing the

smaller kind, and might thus have been led into drawing

very erroneous inferences as to the mode of life and habitat

of fossil hippopotami.

The general appearance of the common hippopotamus is

so familiar to all, and is so well portrayed in our illustrations,

that we need not spend much time in discussing it. We
may observe, however, that the enormous size of the head,

and especially the great width of the mouth, the prominent
position of the eyes and nostrils, the minute ears, bulky

body, short and stout limbs, and short tail, are among the

most striking external features of the creature. The
presence of hoofs (four in number on each foot) shows that

the hippopotamus belongs to the great order of hoofed,

or ungulate, mammals, and the thickness of its nearly

naked hide led the older naturalists to place it among what
used to be called the pachyderms. It has been shown,
however, by anatomical investigations that the group
thus designated, which included such totally different forms

as elephants, rhinoceroses, and hippopotami, is an entirely

artificial one, and that hippopotami, together with their

near relatives the pigs, are much more closely connected

with the ruminants, the distinctive characters of which
have been already indicated in an article in this journal.

The young hippopotamus represented in the fuU-page
plates was born in Antwerp in September, 1891 ; while

the large female depicted in our third and fourth

illustrations is of English birth, having been born in the

Zoological Gardens on November 5th, 1872, and accord-

ingly named " Guy Fawkes." In both instances, Mr.
Ranyard, by whom the photographs were taken, has
been successful in showing the characteristic form of the

head.

If the reader desires to know why zoologists place such
very dissimilar-looking animals as the hippopotamus and
the giraffe in the same great group, while they simder
from the former the apparently more similar rhinoceroses,

we reply that this is largely due to the difference in the

structure of the feet of the two gi'oups. In that the bones
of the skeleton of the two middle toes are symmetrical to a

line drawn between them, the hippopotami and pigs

resemble the ruminants, whereas the rhinoceroses agree

with horses in having the middle toe (which is alone

present in the latter) symmetrical in itself. Those of our
readers who read the article above referred to may recollect

that one of the essential characteristics of the ruminants
is the circumstance that in the lower part of the leg

the two middle toes are supported by a single bone
known as the cannon-bone, which consists anatomically
of two originally distinct elements welded together,

while the supporting bones of the small lateral toes are

incompletely developed. If, on the other hand, we examine
the skeleton of a hippopotamus, we shall find that in each
foot the four nearly equal-sized toes are severally supported
by four complete and distinct bones, known in the fore

limb as the metacarpals and in the hind limb as the

metatarsals ; and it will be obvious that this is a much
simpler or generalized type of foot-structure than that

which characterizes the ruminants. If, again, we con-

trast the foot of a hippopotamus with that of a pig, we
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shall find that whereas in the latter the lateral pair of

hoofs are considerably smaller than the middle pair and

do not touch the ground when the animal is walking on a

hard surface, in the former the two pairs are nearly equal

in size and are all applied to the ground in

walking. In this respect the hippopotamus is

the most primitive of all the even -toed hoofed

mammals that have survived to the present

day, and is, therefore, a creature of special

interest to the believer in evolution. It is, in-

deed, a member of the great group from which

the ruminants are considered to have origi-

nated ; although, if the reader should be led

from this statement to jump to the conclusion

that a hippopotamus was in any sense an an-

cestor of the giraffe, he would be led into a

grievous error. As is the case with nearly all

existing animals of a primitive type, the hippo-

potamus, in place of being an ancestral form,

is a side-branch from the original stock, which

has developed certain specialized features not

found in the latter. To show that this is the

case, we have but to study the teeth of the various species

of hippopotami, which are of such a nature as to show con-

clusively that those of the ruminants could not have been

derived from them.
It will be remembered that in the group of animals last

mentioned the molar teeth have crescent-shaped columns

on their grinding- surfaces ; and those of our readers

who recall an article which appeared some years ago in

Knowledge under the title of " Teeth and their Varia-

tions,"* may recoUect that extinct animals show a complete

passage from
such teeth to a

simple type not

unlike that now
found in the

pigs. The molar
teeth of the hip-

popotami,though
of the same
general plan as

those of the lat-

ter, have, how-
ever, their four

main columns,
when partially

worn, with a dis-

tinctly trefoil-

shaped pattern
;

and it is quite

evident that such

a tooth could

never have given

rise to the crescent-teeth of the ruminants. The hippo-

potamus molar is, indeed, quite pecuhar, and its structure is

is so well marked and characteristic that any person who has

once seen a figure like the one here given could immediately

identify any example that might come under his notice.

Whereas, however, all the members of the genus have

molar teeth almost exactly alike, there is a considerable

amount of difference with regard to the front or incisor

teeth of the different species, and as these differences are

of considerable interest from an evolutionary point of view,

they may be considered in some detail.

In the first place, it may be mentioned that all hippo-

* Eeprinted iu "Phases and Forms of Animal Life."

Longmans & Co.

potami have an enormous pair of curved tusks or canines
in each jaw, these being shown on the sides of the two
lower jaws represented in our second figure. In the
common species, between these huge tusks are two pairs

Fig. 1.—Molar Tooth of Hippopotamus,
showing the trefoil-shaped surfaces on the

crown. Actual size.

Extremity of the Lower Jaw of the Common (a) and Siwalik
(b) Hippopotamus.

of incisors, those of the upper jaw being of nearly equal
size, whereas in the lower jaw, where these teeth are
cylindrical and project nearly horizontally forwards, the
central ones are very much larger than the lateral pair,

as shown in Fig. 2 (a). If, however, we examine the lower
jaw of the pigmy Liberian species, we shall find that
normally there is but a single pair of incisors between the
tusks, which would lead to the conclusion that this animal
is a more specialized type than its larger relative. The
truth of this inference is curiously confirmed by the cir-

cumstance that individuals of the Liberian hippopotamus
are occasionally met with in which there are two incisor

teeth on one side, while on the other there is but the
single tooth ; this being an excellent example of what
evolutionists term reversion or atavism. This, however,
by no means brings us to the end of the variation in the
number of these teeth obtaining in the group under con-
sideration ; but before proceeding further it is necessary
to remark that, since in ordinary mammals the typical or
full complement of incisor teeth consists of three pairs, it

is natural to suppose that one pair has been lost in the
common species. That such is really the case is demon-
strated by the extinct Siwalik hippopotamus (H. sivalensis)

of the Pliocene deposits of the outer ranges of the Hima-
laya, of which the extremity of the lower law is shown in

Fig. 2 (b). Here it will be seen that between the two large
tusks there are three pairs of incisor teeth, which differ

from those of the common species in being all of nearly
equal size ; and if we were to examine the upper jaw, we
should find that in this also there is the same number of
teeth. In the presence of these three pairs of incisors the
Siwalik hippopotamus resembles the pig, from which it

departs less widely than does the common species in that
these teeth are relatively smaller and also of nearly equal
size. The Siwalik hippopotamus must accordingly be
regarded as a less specialized species than either of its

living cousins ; and since, together with an allied species from
the Irrawady valley known as the Burmese hippopotamus
(H. iravaticus), it is the oldest representative of the genus,
its generalized features are precisely what evolutionary
considerations would have led us to expect.

There is, however, yet another curious point in con-
nection with these teeth demanding a moment's notice.

From the evidence of the two specimens represented in

Fig. 2, it is quite impossible to determine which of the
three pairs of lower incisors found in the Siwalik
hippopotamus have disappeared in the common species.
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Fig. 3.—Front view of full-sized female Hippopotamus, Tiorn 5th NoTember,
in the Zoological Gai'dens, London.

Fortunately, however, paleeontology here once more comes
to our aid, showing not only which pair has been lost, but
how the loss was brought about. Prom the gravels of the
Narbada Valley in central India, which are probably
intermediate in age between the Pliocene deposits yielding

remains of the Siwalik hippopotamus and the brick-earths

of our own country in which occur those of the common
African species, there are found two extinct members of

the genus, one known as the Narbada hippopotamus
{H. namadicus) , and the other as the Indian hippopotamus
(H. palaindicm). In the former of these the lower
incisors are similar in size and number to those of the
Siwalik species ; but in the latter, while the inner and
outer pairs are very large, there occurs on each side

between them a minute and rudimentary
tooth, squeezed out from the general

line to the upper margin of the jaw,
and evidently just about to disappear

altogether. We have thus decisive

evidence that the missing pair of lower
incisor teeth in the common hippo-

potamus is the second ; and we further

see how a complete transition can be

traced, as regards the number of these

teeth, from the Siwalik species through
the common one to the Liberian hippo-

potamus. While it is quite possible

that the African hippopotamus may
have been directly derived from the

Siwalik species, it is quite clear that

the pigmy hippopotamus is not the

descendant of its giant existing

cousin.

With regard to the geographical

distribution of the genus, we have
already said that the two living species

are confined to Africa, to which it may
be added that there is no record of their

having ever occurred in the districts

lying to the north of the Sahara during
the historic period. They are, there-

fore, essentially inhabitants of what
naturalists term the Ethiopian region,

although they are quite unknown in the

island of Madagascar, which belongs to

the same zoological province. So far

as we are aware, there is no evidence

that the pigmy species ever ranged
beyond its present habitat of Liberia,

although the case is very different with
regard to the range of the common
species. At the present day this animal
is found from the Cape Colony north-

wards to the cataracts of the Nile, and
it extends westwards to Senegal ; but
while for several centuries it has been
very seldom met with on the Nile below
the entrance of the Atbara and Blue
Nile, there is abundant evidence that

in the time of the Pharaohs it was
common in Egypt, where in the temple
of Edfu, as well as several other

buildings, there are frescoes repre-

senting the mode in which it was
hunted and speared. That the hip-

popotamus is the animal indicated in

the book of Job under the name of

behemoth is, according to Canon
Tristram, undoubted, but there is no

evidence that the Jews were acquainted with it otherwise

than during their sojourn in Egypt. It is true, indeed,

that the writer just mentioned suggests that its range may
have extended eastwards as far as Palestine, but this is

mere conjecture, and had the creature ever lived there the

expeditions which have from time to time explored that

country ought to have found some of its remains. In the

Pleistocene and upper Pliocene deposits of southern and
central Europe there occur, however, numerous remains of

a hippopotamus which cannot be specifically distinguished

from the existing African form, although it was generally

of rather larger size. This difference in size was at one
time thought to indicate that the fossil form was a distinct

species, but the discovery many years ago of a half

1872,
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fossilized jaw in the alluvium of the Nile near Kalabshi,

in Nubia, showed that in former times the African hippo-

potamus attained dimensions as large as the European
form. In England the hippopotamus ranged at least as

far north as Leeds, and it is a remarkable circumstance
that in many places its remains have been found in

association with those of the reindeer. How animals now
inhabiting countries with such totally different climatic

conditions as tropical Africa and Lapland could have lived

in the same country at the same time, is very difficult to

understand. If the hippopotamus had been different from
the living African one, we might have regarded it as a

terrestrial species Like that of Liberia, and thus perchance
capable of standing a colder climate ; but being identical with
the former, we are perforce compelled to believe that its

habits were similar, and that in its habitat the rivers must
have been more or less free from ice throughout the year.

Whatever may be the true explanation of the difficulty, it

is pretty clear that no theory of summer and whiter

migrations will holdgood, as the hippopotamus is essentially

a resident animal.

Eeturning once more to Africa, we may notice that in

Algeria, where the genus is now unrepresented, a small

species (H. hippo)u'7isis) flourished during the Pleistocene

period ; this species being distinguished by having three

pairs of lower incisor teeth, which differed from those of

other members of the genus in having their enamel
smooth and their extremities somewhat expanded, thus
approximating to the corresponding teeth of the pigs.

Equally noteworthy is the occurrence of another species,

suggest that this species may have lived within the

historic period, and it may even be one of several

mysterious animals alluded to by an early European
voyager.

In addition to the common species, southern Europe,
inclusive of Malta and some of the other Mediterranean
islands, was the home of one or two smaller varieties or

species, which seem to pass imperceptibly into one another
until they dwindle down to the proportions of the Liberian
species. Possibly these small forms may have been more
or less completely terrestrial in their habits.

The three Indian species have been already sufficiently

discussed, while mention has been likewise made of the
Burmese hippopotamus. The latter species, by the way,
was decidedly pig-like in many parts of its structure, and
may well, therefore, have been a marsh-haunting animal.

It was at one time thought that one of the later Indian
hippopotami was an unknown animal referred to in

Sanscrit literature, but further investigation has shown
this view to be imtenable. Eastwards of Burma, we are

unaware that there is any evidence of the existence of

these animals, and they appear to have been always
unknown in the New World.

Although it is possible that in Madagascar Lemerle's

hippopotamus may have been exterminated by human
agency, such an explanation will not hold good with regard

to the other fossil species. So far as we can see, India and
Burma are now in every way as well fitted to be the

dwelling-places of hippopotami, giraffes, and ostriches as

they were during the Pliocene period, when those animals

Fig. 4.—Side view of " Guj Fawkes," the large female Hippopotamus, in tUe Gardens of the Zoological Society. Now twenty-one years old_

Lemerle's hippopotamus (H. lemeiiei) in Madagascar,
where its remains are common in the great marsh of

Ambulisatra. Somewhat intermediate between the common
and the Siwalik species, this rather small hippopotamus
had sometimes three and sometimes two pairs of lower
incisors. Certain traditions current among the Malagasy,

either wallowed in their lakes and rivers, or stalked over

their plains ; and as the former countries have not been

completely swept during the interval by a glacial period,

it seems impossible to divine the reason why these creatures

should have so completely vanished from the one area

and have survived in full strength in the other.
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NAKED EYE DOUBLE STARS DISCOVERED

BY BURNHAM.
"R. BURNHAM has been especially successful

in discovering t-wo new classes of double sta,rs

—

namely, naked eye stars with close companions,

and naked eye stars with faint companions.

Both classes of stars form excellent, though

mostly very difficult, test objects, and a list of them will,

no doubt, be valued by readers of Knowledge who possess

instruments of good quality. The numbers on the left

hand are the numbers in Mr. Burnham's catalogues.

These will enable observers to verify their observations

when they have independently made their measures or

estimates of the position, angle and magnitude of the

companion. q^^^^ p^jj^s.
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that inanimate brute matter should, without the mediation

of something else which is not material, operate on and
affect other matter without mutual contact, as it must do

if gravitation, in the sense of Epicurus, be essential and
inherent in it That gravity should be innate,

inherent, and essential to matter, so that one body may
act upon another at a distance through a racuiiin, without

the mediation of anything else by and through which
their action and force may be conveyed from one to another,

is to me so great an absurdity that I believe no man who
has in philosophical matters a competent faculty of thinking

can ever fall into it. Gravity must be caused by an agent

acting constantly according to certain laws, but whether
this agent be material or immaterial I have left to the

consideration of my readers."

Newton explained the phenomena of light as due to

luminous corpuscles emitted with great velocity from
shining bodies. He rejected the undulatory theory because

he could not explain by it the propagation of light in

straight lines, but some of his ideas closely resemble and
agree with those of the theory of undulations ; and he also

supposed the existence of an all-pervading ether, and used

the undulatory theory to account for the occurrence of

reflection and refraction.

He imagined that his luminous corpuscles on striking

surfaces produced waves in the ether, and by the

action of these waves alternate fits of easy reflection and
easy transmission were communicated to the luminous par-

ticles, so that sometimes they were in a state to be reflected

and sometimes in a condition to be refracted at a trans-

parent surface. He applies his observations on the colours

of thin plates to this hypothesis, and develops it with extra-

ordinary ingenuity. Many of his notions as to the waves
produced in the ether agree far more closely with the undu-
latory theory than has been generally supposed. He com-
pares the waves in the ether to those produced on throwing

a stone into water. He says : "What kind of action or

disposition this is—whether it consists in a circulating or

a vibrating motion of the ray, or of the medium, or some-

thing else—I do not here inquire." He considered that

vibrations or tremors were excited in the reflecting or

refracting medium at the point of incidence, that they were
propagated to great distances, and that they overtook the

rays of light and successively put them into the fits of

easy reflection and easy transmission. In the queries at

the end of his Opticks, he asks: "Is not the heat of the

warm room conveyed through the vacuum by the vibrations

of a much subtler medium than air ? And is not this

medium the same with that medium by which light is

refracted and reflected, and by whose vibrations light

communicates heat to bodies, and is put into fits of easy

reflection and easy transmission?" He gave as a possible

explanation for gravitation that the ether was much rarer

within the dense bodies of the sun, stars, and planets than

in the spaces between them ; that it grew denser and
denser as the distance from these bodies increased, and
thereby caused the gravitation of the bodies towards each

other, every body tending to go from the denser parts of

the medium towards the rarer. Again he asks :
" Is not

vision performed chiefly by the vibrations of this medium
excited in the bottom of the eye by the rays of light, and
propagated through the solid, pellucid, and uniform

capillamenta of the optic nerves into the place of

sensation ?
"

The ether must be of extreme tenuity and imponderable.

Its presence cannot be detected by our senses, and its

properties must be discovered by a process of reasoning

founded on its behaviour, as manifested, for example, in

the transmission of luminous vibrations. Its properties

are to a great extent at present unknown. We know that it

must fill the celestial spaces as far as the most distant stars

;

and from the propagation of light through transparent
material we judge that the ether must evidently interpene-

trate solids and fluids, for the matter of the solid body itself

is incapable of transmitting vibrations with the enormous
rapidity of those of light. From phenomena such as

the polarization of light it is seen that the direction of

the vibrations must be transverse to the direction of

propagation.

As fluids cannot give rise to transverse vibrations,

the ether was supposed to behave like an elastic solid, or at

any rate to possess some property analogous to rigidity or

resistance to change of shape. As a first step, the vibrations

constituting light were regarded as actual periodic displace-

ments of the particles of the ether in the wave front,

and transverse to the direction in which the wave is

moving. A solid gives rise to longitudinal vibrations as

well as to transverse ones, and to get rid of the complica-

tion arising from the existence of the former the ether

was supposed incompressible ; then the velocity of

propagation of the longitudinal disturbance would be
infinite. Sir G. Stokes has pointed out that though the

ether may act as a perfect fluid for large and com-
paratively slow displacements, those occurring in the

propagation of light may be so small and so rapid that

for them the ether behaves like an elastic soUd.

The ether must be supposed to freely pervade aU
material bodies. As all bodies are compressible, their

constituent molecules cannot be in contact, and the ether

may be regarded as surrounding and bathing them, the

molecules floating as it were in an ocean of ether. But
the ether is affected by the presence of the molecules of

matter, and this is shown by the bending or refraction of

rays of light when they enter transparent substances.

This refraction is accounted for in the undulatory theory

by the difference of the velocity of the light-waves through
a vacuum and through ponderable matter. The presence

of the particles of matter causes the speed of transmission

of light to be less. At first sight it appears difiicult to

believe that a dense solid substance like glass should have
its molecules so far apart as to aUow of a free penetration

of the ether amongst them, and that this contained ether

should also be free to vibrate and thus transmit the

periodic disturbances producing light. But we know that

a magnet can act through a plate of glass and attract a

mass of iron on the other side, and this magnetic influence

must be conveyed through some medium from the magnet
to the iron. Neither the magnetic influence nor the

ethereal medium is directly observable by our senses, but

the existence of both is inferred by our intellect from the

effects produced.

From the fact that ether is capable of transmitting with

a finite velocity the vibrations which convey light, it

would seem to follow that it must be endowed with inertia,

or some property answering to mass in ordinary matter.

As these vibrations are transverse, it must also possess a

quasi-rigidity or an elasticity analogous to that by which
a solid body resists a force tending to change its shape, or

opposes the gliding of its particles over one another. It

may be continuous ; at any rate, if it has a molecular

structure it must be different from that of gases, which
cannot transmit transverse vibrations. If it be supposed

to consist of molecules at a distance from each other, the

same difliculty as to action at a distance between these

separated particles would occur, for action at a distance

across empty space is not more easy to understand when
the distance is extremely small than it is when the

distances are those we have to deal with in astronomy.





BROOKS' COMET. Enlarged from a Photograph by Prof. E. E. Barnard,

Taken October 21st, 1893; exposure 161). 37m. to 17b. 12m., Standard raeifie Time. The arrow from the

nucleus shows the direction of motion of tlie Comet, and the distance passed over in the succeeding

twentv-four hours.
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WHAT IS A COMET'S TAIL?
By A. C. Ranyard.

NO
bride was ever covered by such a transparent

gauzy veil as that which trails behind a comet as

it comes to do obeisance to the sun, or as it backs
like a courtier out of the solar presence, keeping
its train behind it. It has frequently been noticed

that the light of small stars is not sensibly dimmed when
the tail of a large comet sweeps between the earth and
the star ; therefore, to compare the matter of comets'
tails with a white mist, or a silver fog in space, is too

gross a comparison. A few hundred yards of the thinnest

fog or mist we are familiar with, cuts down very materially

the light of objects seen through it, but the light of a star

in passing through the tail of a large comet must have
travelled through hundreds of thousands of miles of the

nebulous material which is streaming away from the

nucleus. The thickness of light-absorbing material

traversed by a ray of light makes a greater difference than
would at first sight be suspected in the amount of light

transmitted through a fog or haze, or other absorbing

medium, for the light lost increases in geometrical propor-

tion as the thickness of the light-absorbing medium
mcreases in arithmetical proportion ; thus, if a haze ten

miles thick reduced the light of an object seen through it

by one half, a similar haze twenty miles thick would
absorb three-quarters of the light that would otherwise be
transmitted, for the second ten miles of haze will halve

the light that has been transmitted through the first ten

miles. Thirty miles of such haze will reduce the light to

an eighth, and two hundred miles of such haze will

reduce it to about one millionth, for two to the power of

twenty is a little more than a million.

On the clearest summer day the brightness of objects at

a distance of ten miles on the horizon is reduced to less

than one half by the absorption of the intervening atmos-
phere—a fact that becomes very evident to photographers

who attempt to photograph distant objects, and who find

that long exposures are necessary to obtain upon their

plates any trace of the blue distance which so charms the

eye. The tail of a comet must consequently be far more
transparent than the earth's atmosphere ; indeed, a mass
of gas as bulky as the tail of a large comet would—even if

it were a thousand times more transparent than air—act

as an opaque screen in space, cutting out the light of the

stars, and probably even eclipsing the light of the sun itself,

if such a cometary tail should pass between the earth and
the solar disc.

The light derived from the tail of a comet is generally

found to give a bright line spectrum in the neighbourhood
of the nucleus, and to be more or less polarized at a

greater distance from the nucleus. The bright lines seem
to point to the presence of incandescent gas, and have
frequently been taken to indicate a high temperature in

the region about the nucleus ; but the spectrum of the

aurora which glows in the cold upper strata of our atmos-
phere is also characterized by narrow gaseous lines, and
many comets begin to glow and throw out tails in regions

of the solar system where they can derive but little heat
from the warming effect of the sun's rays.

Thus, according to Mr. Marth, comet Brooks, at the

time of the photograph reproduced in our plate

(October 21st), was at a distance 1-02 times the earth's

mean distance from the sun—that is, it was at a little

greater distance from the sun than the earth ever is.*

• During our summer in the Northern Hemisphere the earth
attains a distance of l'0i677 times its mean distance from the sun.

We may therefore compare the temperature of the comet
as derived from the sun's rays, at the time that its photo-
graph was taken by Prof. Barnard, with the temperature
of the moon, and it was shown in the article in the April

number that the temperature of the moon's equatorial

regions during the lunar day probably does not exceed the

temperature of melting ice. Consequently, if the ebullition

which was evidently going on in the nucleus of Brooks'
comet at the time the photograph was taken was due to

the rapid driving into vapour of matter by the sun's heat,

the material that was being vaporized must have had a
very low melting point, such as is possessed by carbonic
acid or substances which freeze at a still lower temperature,
such as hydrogen, nitrogen, and other forms of matter
which in terrestrial laboratories we are, under ordinary
circumstances, only familiar with in their gaseous state.

The way in which comets' tails, as a general rule,

slowly develop in size as they approach the sun, and again
diminish as they recede from him, would seem to point to

the conclusion that the growth of comets' tails is princi-

pally due to the intensity of the sun's heat, or to some
other cause which varies with the distance of the comet
from the sun. But the rapid variations in form and
brightness which many comets have exhibited seem to

show that the evolution of gas from the nucleus, and the

repulsion of matter in the tail, is influenced or in some way
partly controlled by some more irregularly varying con-

ditions, such as collisions with meteors, or dust in space,

or the passage of the cometary nucleus through a mass of

gas. The rapid variations in form and brightness which
a comet sometimes undergoes are well illustrated by the

four photographs of Swift's comet, taken by Dr. Max Wolf,
which are reproduced in our second plate. A still more
striking instance of a rapid increase of brightness was
afforded by Holmes' comet, which, at more than double

the earth's distance from the sun, seems to have suddenly
brightened up.

Before attempting to speculate on the causes of these

irregular variations in brightness, it may be well to give an
account of the phenomena which are usually observable.

A comet when it is first seen as it approaches the sun, and
also when last seen as it recedes from the sun, generally

appears as a small roundish patch of faintly luminous
nebulosity, sometimes with a brighter patch or stellar

point near the centre. As the comet brightens on
approaching the sun it generally begins to emit jets or

streamers, or to form more or less symmetrical envelopes

on the side next the sun, and develops a tail on the side

remote from the sun. In the great comet of 1858, usually

known as Donati's comet, the action was most symmetrical,
one envelope after another rising from the nucleus and
expanding, as if the material forming the envelopes was
repelled by the nucleus, and was also repelled by the sun,

till it was ultimately driven away within a hyperbolic

envelope or stratum which formed about the nucleus.

The tail in this and other comets seemed to be composed
of hollow cones slightly bent backwards in the plane of the

orbit. The backward curvature is easily explained, because
particles repelled from the comet's head would still retain

their original orbital motion, and would fall behind the

line drawn from the sun through the comet's nucleus,

as they were driven into a larger and larger orbit.

The amount of backward curvature of the tail evidently

depends on the velocity with which the particles are

driven away from the sun, and we find in this and
other comets multiple tails, indicating that the different

branches of the tail are composed of difl'erent materials

which are repelled from the sun with diff'erent velocities.

But in Dr. Max Wolf's photographs of Swift's comet we
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find no such hyperbolic strata enveloping the nucleus ; the

matter seems to be driven directly away from the nucleus,

and not in the first instance to be driven into an envelope

about the nucleus prior to its being driven away from the

sun. Perhaps the discrepancy may be explained by the

repulsion from the nucleus being comparatively feeble, so

that the envelopes about the nucleus are small and are

hidden by the nebulosity about the head of the comet. In

Swift's comet, the streams of matter radiating from the

nucleus all seem to be bounded by straight lines, though
they radiate in slightly different directions from the

nucleus. In the photograph of Brooks' comet there are

similar straight rays radiating from the nucleus in addition

to the curious curved and branching structure which
forms the brightest part of the tail. If we look for an
analogy with the more regular structures of Donati's comet,

it would seem that the great branching structure corre-

sponds to one of the jets which issued from the head of

Donati's comet, while the small straight rays in Brooks'

comet correspond to the streams which formed the bulk of

the tail in Donati's comet.

The plate of Brooks' comet has been produced from a

dense collodion enlargement, made from a glass positive

sent over by Prof. Barnard. It is entirely untouched, and
shows the great variations of brightness in different parts

of the tail. The spectral lines observed in the light from
the heads of different comets indicate that the chemical

constitution of one comet differs from another, and it is

perhaps to be expected that the general appearance of

comets, and the phenomena they exhibit, should also vary

according to the materials of which they are composed.
The light from the remoter parts of the tail is usually

more or less completely polarized according to the position

of the 3omet with respect to the sun and earth, in a manner
which indicates that the matter of the comet's tail disperses

the sun's light as fine dust would do. It seems, therefore,

probable that the remoter parts of the tail of a comet
consist of very minute particles, whose average diameter

is small compared wdth the wave-length of light, and that

the material of which it is composed has been precipitated

from the gaseous matter driven off from the nucleus.

In 1872 the medal of the Astronomical Society was
given to Prof. Schiaparelli, of Milan, for showing that

there was an intimate connection between certain meteor

180°

.lupiler's taiiiilv o< Comets

270"
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streams and comets. He showed that the August meteors

revolve in an orbit which is, as near as can be determined,

identical with the orbit of Comet II. 1862, usually known
as Tuttle's comet, and that the November meteors move
in an orbit which is practically identical with the orbit of

Comet I. 1866, known as Tempel's comet. A few years

later it was shown that the Andromid meteors are revolving

in a track which is practically identical with the orbit of

Biela's comet, and that the April meteors are also

associated with a cometary orbit. In view of this

evidence, it seems highly probable that the nebulous

matter which renders comets visible is evaporated from
meteor swarms as they approach the sun, and that the

matter thus separated from the meteors is repelled by the

sun, never to be regathered by the meteor swarm. It

would follow that the meteor swarms which are associated

with comets are wasting away and losing a portion of their

substance every time that they approach the sun. Possibly

some of the particles driven away may fall upon the

planets and go to augment their atmospheres, taking the

place of carbon, oxygen, and other elements which have
been absorbed or added to the solid substance of the planet

by the processes of life, oxidation, and other chemical
changes continually going on ; and it would seem to

follow that comet-producing meteor swarms cannot last

for geologic ages, and that those which are now associated

with comets must have been introduced into the solar

system within a comparatively recent period—a conclusion

which is opposed to Mr. Proctor's and Sir Robert Ball's

ejection theory, which assumes that comets and meteors
had their origin within the solar system, and were ejected

from the sun and the larger planets at an early period

when these bodies were in a sun-like state.

The accompanying diagram (page 114) has been copied

from a drawing made by Mr. A. G. Sivaslian, of Northfield,

Minnesota. It represents Jupiter's family of comets, and
was originally published in an interesting article by Prof.

W. W. Payne in the October number of his " Popular
Astronomy."

It will be noticed that nearly all the farthest points of

these orbits (the aphelia) are on one side of Jupiter's

orbit, and that the places where the dotted portions of the

orbits join the continuous ones are in nearly every case

close to the orbit of Jupiter. The dotted portions of the

orbits are below the ecliptic, while the continuous por-

tions are to the north, so that one of the nodes of the

comet's orbit is in every case near to the orbit of Jupiter.

If Jupiter were at that part of his orbit at the time

when the comet was passing its node, the two bodies

would really be near to each other, and Jupiter by his

great mass would have a very marked influence in

changing the orbit of the comet. It seems, therefore,

probable that all these comets have at some time been
considerably perturbed by Jupiter.

The sun and the whole solar system is moving through
space towards a pomt La the constellation Hercules, having a

right ascension of about 269°and a north declination of about
35°. The bottom of the plate corresponds to right ascension
270° ; consequently, a vertical line on the page approximately
corresponds to the direction in which the solar system is

moving—probably at a rate of some ten miles a second. ''

Jupiter is moving in his orbit with a mean velocity of a

httle more than eight miles a second, in a direction con-

trary to the hands of a watch when looked at from above
the ecliptic, as in the diagram ; consequently, when Jupiter

* This is the Telocity determined by Prof. Vogel from his observa-
tions of the motion of stars in the line of sight. It seems to be the
most trustworthy determination of the velocity of the sun's motion in

spac* that we at present have.

is in the part of his orbit which lies on the left hand side

of the diagram he is moving very rapidly through space,

with a maximum velocity of about eighteen miles a

second, while in the part of his orbit which corresponds
to the right hand side of the page he is moving in a

direction about the sun nearly contrary to the sun's

motion in space, and when going slowest he is only
moving through space with a velocity of about two miles
a second. The distribution of the aphelia of the
cometary orbits shows that Jupiter has caught many more
comets when moving rapidly through space than when he
is moving slowly. But this is only what might be expected
if the comets were all originally caught from outside the

solar system, and it forms an interesting additional piece

of evidence tending to prove that the sun is actually

moving in space, and that the comets of Jupiter's family

were not originally members of the solar system.

A similar piece of evidence tends to show that the

meteors we encounter were not originally members of the

solar system. It has long been known that the earth

encounters a larger average number of meteors in the

autumn half of the year than in the spring half, from
midwinter to midsummer ; that is, when the earth is

moving most rapidly through space it encounters fewest

meteors. Exactly the contrary of this would be the case

if the majority of meteors were sporadic—that is, if they

came from outside space. But with meteor streams

captured by the larger planets in the way in which Jupiter

has annexed his comst family, we should expect to find the

earth most involved amongst the perihelia of such elliptic

streams on the opposite side of its orbit from that on
which the larger planets are most successful in capturing

such streams. The observed facts can therefore be best

explained by supposing that the majority of meteors are now
moving in closed orbits, which are arranged in a manner
that shows that meteors as well as comets were originally

captured from outside space.

Eftttrs.

[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]

MOONLiaHT PHOTOGRAPHS.

To the Editor of Knowledge.

Dear Sib,—It seemed to me that the best way to test

your theory as to the markings on Mr. Levingston's

photograph, published in Knowledge for December, 1893,

would be to repeat the process as an experiment. I

therefore recently took the opportunity of a bright moon
to expose a plate to a landscape for one hour, and then to

point the camera directly to the moon ; the result shows

a tracing made by the moon.
The camera had a focal length of four and a half inches,

with an aperture in stop of 0-4 of an inch.

I forward the plate for you to make use of as you like.

Yours truly,

Cranleigh, Surrey. J. P. Maclear.

[Admiral Maclear's photograph shows a band or

knotted trace which is very similar in appearance to Mr.

Levingston's supposed lightning flash.—A. C. Ranyabd.]

METEOKS IN THE LUNAR ATMOSPHERE.

To the Editor of Knowledge,

Sir,—In your interesting article on the moon, in the

April number of Knowledge, you infer that it is probable

the moon has an atmosphere comparable in density with
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that which surrounds the earth at a height of somewhere
about fiftj- miles above sea level, and that it is sufficiently

dense to vaporize meteoric showers. If this is so, should
we not see occasionally, either dm-ing observations made
with the telescope, or on photographs, some slight streaks

of light caused by a mass of meteorites, or a large aerolite,

passing obliquely across the dark portions of the moon's
surface ?

Lewisham, S.E., Yours truly,

April loth, 1894. A. E. Whiteuouse.

[In the earth's atmosphere we only occasionally see
meteors which appear, as seen from a distance of one
hundred mUes, many times brighter than a star of the
first magnitude. As seen from a distance of one thousand
miles, such a meteor would only appear one hundredth part
as bright as when seen from a distance of one hundred miles

;

and when seen from the distance of the moon, the apparent
brightness of such a meteor would be reduced to less than
one five hundred millionth part of its brightness as seen
from a distance of one hundred miles, so that probably
the brightest meteors in the limar atmosphere would
escape attention, as seen from the earth.—A. C. E.\i;yAr.D.]

To the Editor of Knowledge.

Donville (Manche), France.
Dear Sik,—Some doubts have recently been expressed

about the visibility of the whole ball of Venus, especially

when it has been observed during the daytime near to

inferior conjunction.

I do not wish to state that the phenomenon is a real one,
but I would offer an observation which tends to show that
it is not an optical Ulusion. I was observing Venus on
January 24th, 1894, at Ih. p.m., and noticed that the
entire ball of the planet was vaguely seen, of an indefinable
colour, but it was impossible for me to ascertain if it was
brighter or darker than the surrounding sky. It was of
a kind of reddish-grey, and was much more visible with
the strong eye-pieces than with the weak (the eye-piece
principally employed magnified about two hundred and
forty times) ; that is to say, as the light of the sky grew
darker, by emploj'ing strong magnifying glasses, the ball

of the planet and its slightly difl'erent colour fi-om the sky
became more marked. Would not an optical illusion, on
the contrary, be more visible with a weak eye-piece—that
is to say, one giving a brilhant image ?

I am, dear Sir, yours truly,

L. EUDAUX,
Membre de la Societe Astronomique de France.

[The higher magnifying power would, of course, decrease
the light derived from the body of the planet just in the
same proportion as it decreased the light derived from the
sm-rounding sky ; but the contrast may appear more evident
when the brightness of both areas is decreased. I feel no
serious difiiculty in assuming that the body of Venus may
shine, when it is not illuminated by the sun, with a light

which is comparable in brightness with the light derived
from the dust in the earth's atmosphere, when illuminated
by the sun's rays. This dust forms a semi-transparent
veil, sufficient to hide the planets when looked for with the
naked eye, but not sufficient to hide them in the tele-

scope.

On the 24th of .January, about one-seventh of the disc of
Venns was illuminated by the sun. A curious fact is that
the phenomenon observed by M. Kudaux seems to become
more and more apparent as the planet approaches the
sun, and is seen through the brighter parts of the atmos-
pheric veil, for the general brightness of the sky increases
rapidly as we approach the sun.

I have on more than one occasion, when Venus has been
nearer to the sun than it was on the 24th of January,
seen what appeared to me to be the whole body of the

planet, clearly distinguishable on the background of

sky. It may be that the light from the illuminated

crescent of Venus lights up the dust in our atmosphere in

the immediate neighbourhood of the planet's place, so as

to render it more opaque than it is rendered by the less

direct illumination of the sun's rays. The patch of

illuminated atmosphere roimd the brighter stars is well

known to all telescopic observers. With a large instru-

ment, the brightened appearance of the sky before a

large star enters the field of the telescope has been
frequently compared to the light of approaching dawn.
—A. C. RanYARD.]

THE AURORA AND ZODIACAL LIGHT.

To the Editor of Knowledge.

Deak Sir,—The zodiacal light has been a prominent
object every clear evening of the first three months or so of

each year I have spent here—nearly twenty of them.
December 17th is, I think, the earliest date I have seen it,

and I do not remember it later than the middle of April,

with very varying extension. For the first time, yesterday

I saw it in daylight, i.e., immediately after stmset, of a

pretty rose-colour, somewhat like the wondrous after-glows

of ten years ago, but distinct in this respect, that those

generally had the sun's place for centre, whereas this had
not, but was an oblong, rounded mass, with its major axis

lying along the ecliptic.

About 9.30 I fotmd an ain-ora pervading the northern sky,

chiefly in the true (not magnetic) north ; low down pale

green, then- a bank of cloud, and above that, to within

ten degrees of Polaris, rose-colour, with shootings of

pencilled rays, and the complementary colours thus evenly

distributed above and below the nimbus. These colours

lasted only a short time, but aU night I suppose (at least

till 2 a.m.) the whole lower northern sky was brilliant with

yellow radiance, like a summer dawn or early night, but its

centre was the magnetic north. Its beauty was much
enhanced by masses of cloud (looking black like nimbus,
though probably they were only cumulus).

The zodiacal light is usually supposed to belong to the

sun, the aurora borealis to the earth
; yet last evening's

displays seemed to point to a real connection or sympathy,
such as is also pointed to by the connection between solar

disturbance and magnetic storms. May not the sun's

corona extend in an invisible, attenuated condition beyond
our own orbit, so that we are always within it, but when
the sun is more than usually active we see it at our poles as

well as along the ecliptic '? Would not this explain what
now seems inexplicable, viz., the immediate magnetic

sympathy between the earth and the sun '?

I once asked Mr. Proctor to give us a monograph on
the zodiacal light, putting together all the known facts and
probable theories. I wish that I could induce you to take

the matter up. Yours faithfully,

A. P. Skene.

Pornic, Loire Inf., France, March 31st, 1894.

[I am collecting facts with regard to auroral displays,

which I hope to put together for publication. I have

recently had an opportunity of examining some very

interesting photographs of the aurora, taken during the past

year by Dr. Martin Brendel. I may, perhaps, be allowed

to reproduce them in Knowledge. Mr. Skene wiD find a

short paper " On the Connection between Sunspots and

Magnetic Storms" in Knowledge for April, 1892. I still

hold to the theory there advocated. It assumes that
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magnetic storms, as well as auroral displays, are caused by

the passage of the earth through a dust-laden region or

stream of matter projected from the sun beyond the

region ordinarily occupied by the coronal streamers.

—

A. C. Eanyard.] —--*

—

THE FORMATION OF DIAMONDS.

To the Editor of Knowledge.

Dear Sib,—The following remarks of Dr. Joly, of

Dublin, who has been engaged in measuring the

rate at which diamonds expand on being heated, may
interest your readers. Commenting upon the fact that

the co-eflBcient of expansion increases very rapidly at

about 750° C, Dr. Joly remarks, in a recent communi-

cation to Nature, that " the sudden increase in volinue

at high temperatures suggests that the diamond is

a form of carbon which has been subjected to high

pressure when crystallizing. Such changes we may
expect to be reversible, and it is supposable that equi-

librium at the higher density is only preserved by

crystalline forces which will require to be brought into

play by external conditions of pressure. It is probable

that this is therefore an essential condition of success in

its artificial production. It is perhaps of interest, adds Dr.

Joly, that this reasoning gave rise to experiments—as I had

leisure for them—which I only laid aside finally upon

hearing of M. Moissan's success. I did not seek the aid

of solution in a metal, but used an apparatus to compress

graphite, as well as carbon prepared from sugar, between

iron plates kept at a red heat and urged together by the

alternate heating and cooling of the bars of an iron yoke.

I am not without hope," says Dr. Joly, " that the use of

high pressure at a high temperature may ultimately prove

sufiicient, without resort to solution in a metal, to

produce diamond." Yours faithfully,

Vaughan Cornish.

BROOKS' COMET.

To the Editor of Knowledge.

Sir,—Has anyone tried to make out the correspondence

between the details of the two photographs of Brooks'

comet in the February number of Knowledge ? They are

so very different that it is not easy to see the connection

between them. It is a pity if no photographs were

obtained in the intervening twenty-four hours, as with

such a rapidly changing object as this comet was, more
frequent photographs are very desirable.

I made an eye observation in the interval, but scarcely

any of the detail shown in the photographs was visible to

me. The difference between the amount that could be

seen and that photographed is indicated by the fact that I

traced the tail to a distance of just 2°, whereas in the photo-

graphs the total length is 3-7° on the 21st, and on the

22nd, including the detached portion, 4-4°.

It may be well to give my description at that time, viz.,

Oct. 22nd, IGh. .lOm., G.M.T. :
" With power 20 on a

4|in. refi'actor, at first sight the tail seems strongly curved

(concave to preceding side), but on closer examination this

is found to be caused by the following part being brightest

to some distance from the nucleus, viz., to near the star

B.D. + 17°, 2496, when it fades rapidly, and a portion

further preceding brightens—B.D. + 17°, 2493 being at

the brightest part—this part seeming to be straight, and
continuing to be the axis to the end. The central line of

this part of the comet is at B.D. + 17°, 2496, or perhaps

slightly preceding it, and passes B.D. + 17°, 2493 and i-

from B.D. + 18°, 2614 to B.D. + 18°, 2617, going a little

beyond. The brightening of the tail about B.D. + 17°,

2493 is an unusual feature, reminding me of the photo-

graphs of comet I. 1892 in Knowledge, &c. With field

glasses, power 4, the comet is faintly visible, and the tail

strongly curved, the details above described not being

discernible. The tail, however, is visible to the same
distance as with power 20."

There can be no doubt that the bright patch I saw about

B.D. -f 17°, 2493, although very indefinite, must have been

a similar one to the two striking ones shown in the photo-

graph on Oct. 22nd, though it is singular I saw but one

instead of two. At the time of my observation, allowing

for the motion of the nucleus in the interval, the star

B.D. + 17°, 2493 would be in the axis of the south one

in the photograph, about ^ from its south to its north

extremity. Assuming that this was the

one I saw, and that the star was then in

the middle of its length (though this is

uncertain owing to its indefiniteaess to

me) the patch must have moved 17' in

the 8^ hours between my observation and

the photograph. If, however, the north

patch was the one I saw, a much more

rapid motion is in-

dicated ; but this

seems improbable, + i3'2S/7,' /

that patch not being

in the same line • .

from the nucleus.

Pitting my draw- '/ '-""^^'^

ing to the scale of ,,'/

the photograph, the

bright ray emana-
ting from the nucleus

and forming the
main part of the tail

for a long distance

fits accurately, as far

as it goes, on to the
,

same in the photo- .NucUu^iij'O

graph ; but it had '

evidently o-ro'mi con- Stars traced from Barnard's photograph of

siderflhlv in the 8-L 21st October, 1893. Axis according
Siaei aoiy m cue O^

^^ ^ -^ Backhouse, 22nd October, 16h. 40m.
hours interval, lor (j.jI.T Axis of bright patch.

it is brilliant in the

photograph to a distance of 0-83° from the apex of the

head, while I could not trace it at all more than 0'53°

from the nucleus, thus indicating a growth of at least

18' in the interval. But it is singular that the preceding

side of the tail, joining the bright patch to the nucleus, is

scarcely perceptible in the photograph, while it was quite

plain to me.
Allowing for the motion of the nucleus, it is remarkable

that the further part of the axis of the tail, as seen by me,

lies from 2' to 3' preceding the preceding edge of the tail in

the photograph on the 22nd, excepting that there appears

to be therein a very faint ray further preceding, in con-

tinuation of the preceding edge of the south bright patch.

Yours truly,

T. W. Backhouse.

West Hendon House, Sunderland.

April 6th, 1894.

METHOD BY WHICH A PATIENT MAT OBSERVE A
CATARACT IN HIS OWN EYE.

To the Editor of Knowledge.

Dear Sir,—I see from newspaper reports that the eyes

of Signor Crispi, Prime JVIinister of Italy, are in the same

condition as those of Mr. Gladstone, and that the eyes of
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THE PHYSIOLOaiCAL EFFECTS OF CITY ANT)
SEASIDE AIR.

To the Editor of Knowledge.

Sir,—In your very valuable article in the March number
of Knowledge on " Sewer Gas and Zymotic Disease," you
refer to the mysterious difference in the physiological

effects of city and seaside or mountain air. I venture to

think that this diiference is for the main part non-existent,

and that the effects which are attributed to it spring

mainly from other causes. Leaving out of sight the

changes in the mode of life, and comparative freedom from
care and worry, to which a great deal of the good influence

which those experience who leave the city to take a
holiday in the country is doubtless due, a great deal is also

to be attributed to changes in the physical surroundings
other than the quality of the atmosphere. In hot weather,
the most important of these, I believe, is the greater
practical coolness of the country, especially of mountains.
In a large town, the effect of the heat of the air is greatly

added to by the radiation of heat from bare roads, pave-

ments and walls, and not diminished to the same extent as

in the country by the movement of the air, which is

impeded by the rows of houses.

It is during periods of excessive heat that the healthiness

of towns falls most below that of the open country, except

Sir William Vernon Harcourt are nearly as bad. The
Czar's favourite Minister of Finance is also said to be in

the same plight. With such a visitation of cataract in the

eyes of public men, your readers may possibly be interested

in the following account of a simple method I have
discovered which enables a patient to see a cataract in his

own eye and note its growth and development, probably
better than any oculist can observe it for him.

Cataract is said to be due to the gradual deposition of
;

oxalate of lime in the substance of the crystalline lens, at

first in small spots or streaks, sometimes in one part and
sometimes in another. The deposit gradually increases

until it penetrates the whole of the lens, causing blind-

ness. The remedy, then, is to remove the lens, and after

its removal the patient needs a substitute in [the form of

highly magnifying spectacles.

All that is necessary to enable a patient to see his own
cataract for himself is a piece of card and a needle—

a

visiting card will do very well. Pierce a clean round hole

near the middle of the card and hold the card up to the

light close to the eye, looking preferably in the direction

of a piece of blue sky. With the card near to the eye,

the patient will not see the small hole pierced by the

needle, but he will see a comparatively large faintly

Oluminated field with his cataract projected upon it. He
is, in fact, observing the shadow cast by his cataract on the

retina at the back of his eye. With a small puncture in

the card the shadow so thrown is comparatively sharp.

But with a normal eye an evenly illuminated field or clean

disc will be seen. The patient may thus map down his

own cataract, and settle for himself whether it is extending

and whether he will have an operation or not. None of

the oculists I have seen have known of the method, and
there may, consequently, be some advantage in making it

public. I enclose for your inspection drawings, which I

have made at intervals during the last three years, of a

cataract which is slowly developing in one of my eyes. If

you accept this communication please not to publish my
name, as it might be a disadvantage to me in my business

if it was thought that my sight was defective.

Yours truly,

J. S.

in very large towns where there are dense smoke-laden
fogs. In cold weather, even when there are no such fogs,

the air of large towns is commonly so much more smoke-
laden and cloudy than that of the country as to shut out a

great deal of the light and warmth of the sun, and thus

gives rise to a lowering of vitality and spirits.

Close observation for many years has convinced me that

these circumstances, and not any supposed difference in

the quality of the air, are the source of the benefit derived

from "a change into the country."

I am, Sir, yours truly,

Tunbridge Wells. Edw. G. Gilbert, M.D.

[Dr. Gilbert would have added to the interest of hia

letter if he had shown how he manages to distinguish

between the beneficial effects produced by the various con-

current circumstances alluded to as generally accompanying
the dose of fresh air.—A. C. Ranyard.]

THE FACE OF THE SKY FOR MAY.

By Herbert Sadler, F.R.A.S.

SEVEEAL large groups of sunspots have of late

appeared on the solar surface.

Mercury is invisible during May. He is in

superior conjunction with the Sun on the 20th.

Venus is a morning star, rising on the 1st at

3h. 15m. A.M., with a southern declination of 2° 19', and
an apparent diameter of 22j", -j^'^ths of the disc being

illuminated, and her brightness being about equal to what
it was on January 25th. On the 16th she rises at 2h. 47m.
A.M., with a northern declination of 2° 34', and an apparent

diameter of 19j", -r^ths of the disc being illuminated,

and the apparent brightness of the planet being about

equal to what it was on February 1st. On the 31st she

rises at 2h. 21m. a.m., with a northern declination of

8° 37', and an apparent diameter of 17^", y^^^s of the

disc being illuminated, and her brightness being about

equal to what it was on February Brd. During the

month Venus pursues a direct path through Pisces to the

borders of Aries.

Mars is, for the purposes of the amateur observer,

invisible ; and Jupiter and Neptune have left us for the

season.

Saturn is an evening star, and is well situated for

observation. On the 1st he rises at 5h. 4m. p.m., with a

southern declination of 5° 24', and an apparent equatorial

diameter of 18-6" (the major axis of the ring system being
42-8" in diameter, and the minor 9"). On the 16th he
rises at 4h. Om. p.m., with a southern declination of 5° 5',

and an apparent equatorial diameter of 18-4" (the major
axis of the ring system being 42-3" in diameter, and the

minor 8'6"). On the 31st he rises at 2h. 58m. p.m., with

a southern declination of 4° 53', and an apparent

equatorial diameter of 18"0" (the major axis of the ring

system being 41-1" in diameter, and the minor 8'2").

Titan is at his greatest eastern elongation on May 14th

and 31st, and lapetus at his greatest western on the 17th.

During the month Saturn describes a short retrograde

path in Virgo, but does not approach any naked-eye star.

Uranus is an evening star, and but for his southern

declination would be well placed for observation. He is

in opposition to the Sun on the 3rd, at a distance from
the earth of about 1637j- millions of miles. He rises on
the 1st at 7h. 23m. p.m., with a southern declination of

15° 29', and an apparent diameter of 8-8''. On the 31st

he rises at 5h. 13m. p.m., with a southern declination of

15° 8'. During the month he describes a short retrograde
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path in Libra, to the north west of a^a,- Librse. A map of

the stars near the path of Uranus will be found in the

Enqlish Mechanic for March 23rd.

There are no very well marked showers of shooting

stars in May.
The Moon is new at 2h. -llm. p.m. on the 5th ; enters

her first quarter at 6h. 21m. a.m. on the 12th ; is full at

4h. 43m. P.M. on the 19th ; and enters her last quarter

at 8h. 4m. p.m. on the 27th. She is in perigee at 4h.

A.M. on the 8th (distance from the earth 226,280 miles),

and in apogee at Ih. a.m. on the 24th (distance from the

earth 251,930 miles). At 7h. 55m. p.m. on the 12th the 6th

magnitude star 37 Leouis will disappear at an angle of 88°

from the north point, and reappear at 8h. 51m. p.m. at an
angle of 340°. At lOh. 36m. p.m. on the 14th the 6^
magnitude star B.A.C. 4043 will disappear at an angle of

76°, and reappear at llh. 21m. p.m. at an angle of 355°.

At llh. 50m. P.M. on the 15th the 6^ magnitude star

B.A.C. 4294 will disappear at an angle of 120°, and re-

appear at Oh. 58m. a.m. on the 16th at an angle of 305°.

At 2h. 19m. A.M. on the 19th the 6th magnitude star

B.A.C. 5023 will disappear at an angle of 46°, and reap-

pear at 2h. 53m. p.m. at an angle of 350°. At lOh. 58m.
P.M. on the 19th the 6th magnitude star B.A.C. 5314 will

disappear at an angle of 134°, and reappear at Oh. 14m.
A.M. on the 20th at au angle of 271°. At 2h. 20m. a.m.

on the 20th the 5th magnitude star B.A.C. 5347 will dis-

appear at an angle of 164°, and reappear at 2h. 59m. a.m.

at an angle of 223°. At Ih. 56m. a.m. on the 31st the 4^
magnitude star J Piscium will disappear at an angle of
96°, and reappear at 2h. 40m. a..m. at an angle of 207°.

Ci^fss Column.
By 0. D. LooooK, B.A.Oxen.

CosTMUNioATioNs for tMa column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

Solution of Problem No. 14.

Key-move—1. P to B5.

If 1. . . . P toK4, 2. B toKt4.
1. . . . KxP, or K to Q6, 2. B to R5.
1. ... P to Q6, 2. Q to R4ch.

Solutions of Problem No. 16.

SiJ- Keys, viz.—Q to B2 (Author's), QxB, Q to Esq,
either RxB, BxKt

(For if 1. . . . P to Kt5, 2. Q to QBsq !).

Some apology is due for the insertion of so unsound a
position. The problem was sent in by a well-known
composer almost at the last moment, and was therefore
accepted without due examination. One solver quaintly
remarks that just as there is no end to a " circle," so for

some time there seemed to be no end to its keys. Probably
it would be difficult to "square" this "circle," which
might be described as the "double nine-point circle,"

being worth eighteen points to some of our more
persevering solvers.

Solution of Problem No. 16.

Key-move— 1. R to Kt4.

If 1. . . . PxR or P to B5, 2. P to K5.
1. . . . Kt moves, &c., 2. PxPch.

Dual after 1. . . K to K4 by 2. B to B6ch or Q to B6.
Also after 1. . . K to K6 by 2. P x P or 2. B x Pch.

Correct Solutions received from the following :

—

Twenty-Jive Points.—Semper, Guy.

Twenty-three Points.—-B. G- Laws.

Twenty Points.—A. C. Challenger.

Fourteen Points.—A Norseman.

Thirteen Points.—J. H. Christie.

Eleven Points.—Chat.

Ten Points.—A. R., Kt. J.

Nine Points.—Alpha, H. Holmes, E. W. Brook.

L. Bourne.—" No solution " to No. 15 '?
! The others

are correct.

H. G. Bra7idreth.—Solution to No. 14 correct. G, not S.

H. Holmes.—Thanks. The reply to you in last number
was evidently an oversight.

A. E. Whitehouse.—None of your solutions are quite
correct, though in No. 14, 1. B to Kt4 nearly solves the
problem. We have no space this month for a detailed
reply.

W. T. Hurley.—Your compulsory retirement is much
to be regretted.

A Norseman.—Your solutions this month are even more
unintelligible than usual. You are credited with three
solutions to No. 15, but a fourth commencing 1. " QKtBB6"
(whatever that may mean) is quite incomprehensible, the
deduction of one point being the only course.

Position No. 17.

" Fusuit ultimuiii lapidem."
Black (11).

WmTK (11).

White mates in three moves.

Position No. 18.

" Fortes Fiirtuna jiivat."

Black (S).

»
White ilOj.

White mates in three moves.
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Position No. 19.

" East Harlinff."

BiacE (7).

White (11).

White mates in three moves.

[The above problems conclude the current tournament.]

CONDITIONAL PROBLEM.

By W. De Moegan.

Black (5).

White (6).

White mates in three moves, on condition that no piece

may make two consecutive moves. [In order to prevent

such solutions as 1. P to Kt4ch, K x P ; 2. Q to Kt8
mate (!), it seems necessary to make an exception in favour

of the Black King.] Solutions will be acknowledged.

Readers of Kxo^\i.edge will be interested to know that

the composer of the above is the son of the distinguished

Prof. De Morgan.

CHESS INTELLIGENCE.

The first portion of the Steinitz-Lasker match is now
over. Eight games were played at New York, resulting

in four wins for Lasker, two for Steinitz, and two games
drawn. The play, so far, has been of a brilliant character

on both sides. Mr. Lasker has played the Ruy Lopez
consistently, an opening in which Mr. Steinitz has
succeeded in discovering just the cramped awkward defence

that he revels in. Mr. Steinitz has of late years always
done badly in the earlier stages of his matches. Under
stress of urgent necessity he may possibly abandon the

defence referred to ; in any case, he is sure to play his best

as the match enters on its final stage. The next instal-

ment of the match is just commencing at Philadelphia.

The North c South match was played in London on
April 7th, with one hundred and seven players on each
side. The result, after five hours' play, was a rather

decisive victory for the South by sixty-four and a half

games to forty-three and a half. No doubt the Northern
team were severely handicapped by the long distances

which many of them had to travel, and also by the absence

of Mr. Skipworth and many of the leading Lancashire
players. On the Southern side notable absentees were
Messrs. Chepmell, Guest, Hunter, Mortimer, and Wayte,
not to mention Mr. Donisthorpe, who deserted to the
Northerners.

After the match the two teams were entertained at

supper by the Reception Committee. The arrangements
throughout were excellent. Mr. Blackburne again acted as

umpire.

An analysis of the Southern score shows that the County
players came out with a better average than the Metro-
politan ; Surrey, Sussex, and Somerset contributing in a

large measure to the victoi-y of the side. At the same
time, it should be mentioned that most of the Surrey
players are practically Londoners and members of London
clubs. Last year no game was lost on the first twenty
Southern boards ; this year only one game on the same
boards was lost. The Northern successes were almost
entirely on the middle boards (Nos. 33 to 871. Here they

obtained a slight majority, but not sufficient to balance

the failure of the two ends of the team.

Late News.— Mr. Lasker won the ninth game.
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MOUTH ORGANS OF HIVE BEE.

At the sides are the blade-like maxillte, or secondarr jaws. Their palpi are exceedingly short, jointed organs, placed at the junction of

the blade with the basal part. Between the bases of the maxilloe is the labium, which is prolonged as a long pointed organ, the ligula

or tongue, which is very flexible, ridged, and beset with hairs. Branching from the labium at each side of the ligula are the long, jointed

labial palpi. These and the maxilla; close round the ligula and enable the honey to be passed up into the mouth. Between the labial

palpi and the ligula, at the base of the latter, are faintly traceable two small organs, the paraglosste, which in some bees become

proportionately much larger. The mandibles, or biting jaws, are not shown in this specimen.
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INSECT SECRETIONS.-II.
By E. A. Butler, B.A., B.Sc.

[Continued from page 106.)

FOR
wax, our second illustration of insect secretions,

we must go first of all to the order Hymenoptera,
as yielding that variety of animal wax which is

best known and most widely used iu the Western
world. But the production of waxy substances is

not confined to hymenopterous insects ; for example, while

European wax is the produce of the hive bee, the white

insect wax of China owes its origin to an entirely difl'erent

insect, belonging to the orderHomoptera, and to that section

of it called Cocciihe, or scale insects. And, in fact, the

power of secreting matter varying from a waxy to a more
or less silky consistency is widely diffused throughout this

latter order ; the makers of these substances, however, do

not use them, as bees do their wax, for constructive pur-

poses, but the secretions generally exude in the form of

long threads, which remain adherent to the insects as

personal appendages of either a protective or ornamental
character. The production of waxy and other allied sub-

stances is, therefore, associated with two very distinct types

of insect life—the hymenopterous, typified by the hive bee,

and the homopterous, typified by the scale insects. We
will first turn our attention to beeswax.

It was long thought that the honey bee produced its wax
from the pollen of flowers, which was supposed to be
worked up and kneaded by its feet to the requisite con-

sistency. Nor was this idea unnatural, though erroneous.

In the hive were to be found stores of honey and wax ;

the former it was known that the bees manufactured from

the nectar of flowers, and it remained, therefore, to account

for the wax in a somewhat similar way. On the bees'

legs were seen the masses of pollen they had also gathered,

and as the wax seemed more nearly akin to the solid

pollen than to the liquid honey, it was an easy supposition

that the two were related to one another as raw

material and manufactured product. So we find an

old writer stating that " from the flowers they gather the

wax with the hairs which cover their bodies, and when they

return from the fields you may see their hairs full of small

particles of wax like dust." This idea prevailed for a long

time, and it was not till late iu the last century that it

became generally recognized that wax was not a gathered

substance, but that it originated in the form of scales on

the under side of the abdomen of the worker bee.

One of the earliest detailed accounts of the discovery

of its true source is contained in a book on bees, called

" Melisselogia, or the Female Monarchy," published in

1744. The author, .J. Thorley by name, who had for

some years devoted himself to bee-keeping, was anxious,

as he says, to " find out how or where they brought home

their wax," but for some time his eflbrts were balfled
;
at

length, however, the favourable conjuncture of circum-

stances occurred, and the problem was solved. This is

how he announces his discovery:—"Viewing a hive of

bees very busy at labour, I observed one bee among the

rest as she fixed upon the alighting place, of an unusual

appearance ; upon which I seized her directly, before she

had time to enter the hive, where, with very sensible

pleasure, I found what I had (till then) been in vain

searching for. Upon the belly of this bee, within the plaits,

were fixed no less than six pieces of solid wax, perfectly

white and transparent, like gum ; three upon one side and

three upon the other, appearing to the eyes equal in bulk

and gravity, so that the body of the bee seemed duly

poised, and the flight not in the least obstructed by any

inequaUties. Here have I found it at other times, and

once I took away eight pieces together, and I knew that it

was wax and nothing else. WiU not this pass for demonstra-

tion ? " This observation showed that wax was not merely

pollen worked up—and was, therefore, chiefly valuable

as negative evidence—but there was much more to be

learnt ; for, as Thorley himself says, " how they manufacture

the wax, fix it to the hive, and fashion it in so curious a

manner into combs and cells, we cannot easily account for."

Thorley's discovery does not seem to have attracted much
attention, and in fact apparently remained unknown to

the scientific world ; for twenty-four years afterwards,

Wilhelmi wrote to Bonnet informing him of what was

evidently regarded as an interesting novelty, that a

Lusatian peasant, who' was an ardent bee-keeper, had

found wax scales attached to the abdomen of worker

bees, and had thus revealed the source of this useful

J j)roduct. A somewhat similar observation had been
' recorded in Germany even before Thorley's time, so that

the truth was independently discovered in several places

;
and at different times. In the Philosophical Transactions

for 1792, John Hunter gives some very pertinent observa-

tions in refutation of the previously accepted notion of

the origin of wax from pollen. Thus, while the " farina,"

as pollen was then called, was often of different colours

on the legs of difl'erent bees, the newly-made wax

was all of one colour; it was gathered with more

avidity for old hives, in which the combs were complete,

than for those in which the comb was still in course of

construction, which could not have been the case if

" farina " was the material out of which wax was made,



122 KNOWLEDGE [June 1, 1894.

Again, at the beginning of a new hive, the bees seldom
bi-ought in any spoil on their legs for two or three

days, although cells were in course of construction all the

time ; and lastly, in wet weather, when the bees do not go
out, yet much new comb was formed. It thus came to be
seen that wax was not to be thought of as a gathered
substance, but as a true secretion, and subsequently some
careful series of experiments by various observers revealed

the fact that it was produced as a result of the digestion

of honey. But though honey is the essential ingredient,

a little pollen eaten in addition considerably increases the

yield. Thus Gundelach showed that it required seventeen
pounds of honey alone to produce one pound of wax, while

when honey and pollen were both eaten only ten pounds
were required for one pound of wax. In Tegetmeier's
experiments, from twelve to fifteen pounds of dry sugar

were consumed by a hive of bees in producing one pound
of wax. These figm'es serve to show what an enormous
amount of the nectar of flowers needs to be collected for

wax construction alone, apart from what may be used as

food, and sufficiently explain the unflagging industry of

working bees.

Let us now follow a bee throughout those operations

which result in the secretion of wax. The construction

of the comb must be one of the first operations carried

out when a swarm takes possession of new quartei's, and
to meet this demand the worker, before passing out with

the swarm, will have taken its till of honey. This, whether
imbibed direct from flowers or from stores already accu-

mulated, must be taken up by means of the complex
apparatus to which the name " tongue " is usually given.

The whole tongue really consists of several organs fastened

together, as will be seen from the accompanying photo-

graph (Plate 1). The central piece, transversely ridged and
beset with hairs, is the real tongue, or Unula, It is very

flexible and extensile, being moved by special muscles

situated in the large dark piece at its base {mentuni.) The
pair of organs at the side of the ligula are the labial palpi,

each consisting of four joints—two large and two minute.

The outermost pair of org;ins are the maxilla?, or secondary

jaws. The whole of this apparatus is used in taking liquid

food, and while it is being employed the biting jaws, or

mandibles, which are not sho^\^l in the photograph, cannot

be used, though they have to be called into requisition

when anything solid has to be bitten, in which case the

"tongue" must be folded back out of the way. The
maxillfe and labial palpi close around the ligula and form
a channel, within which it can move up and down so as to

assist the passage of liquid towards the mouth.
There has been a great deal of controversy as to the

exact method by which this apparatus secures the passage

of nectar to the mouth, which, it must be remembered, is

situated a considerable distance from the tip of the fully

extended tongue. As the whole thing is on a small scale,

and therefore needs close watching under a lens, and as

the movement of the liquid takes place within a closed

space, the evidence is mainly circumstantial, and it is

hardly surprising that diii'erent interpretations have been
put upon it. At the extreme tip of the tongue is a roimded
part, less thickly supplied with fine hairs and called the

spoon. When honey is to be taken up, the bee extends

its tongue, and bending the tip under, applies the concave
surface of the spoon and part of the hairy tongue to the

liquid, and moves it quickly backwards and forwards. In

consequence the sticky liquid adheres and spreads amongst
the hairs, the immense number of which is shown in

photograph No. 2 ; the withdrawal of the ligula carries the

nectar into the space enclosed between the maxillw and
palpi, up which it is drawn partly, no doubt, by the capillarity

of the small grooves and interstices amongst which it finds

itself, and partly by suction. The syrup taken in this way
is swallowed into a temporary receptacle or crop at the

base of the gullet, which is often called the honey stomach
or honey bag. Between this and the true stomach lies a

small apparatus called the stomach mouth, which, by open-

ing and closing at intervals, acts as a regulator to the

passage of the honey into the true digestive cavity.

The bee whose fortunes we are following having

swallowed honey till its crop is completely distended,

passes out with the swarm, and partakes in the general

movements until the whole tribe is safely housed. Now
will come the business of wax secreting, and for this a

restful position and a temperature of from 80° to 37° C. is

necessary. The latter condition is attained by the bees

clustering together, but the former is achieved in a very

curious manner. A bee takes up its position at the highest

part of the hive, hanging from the roof by her fore legs
;

another then clings to this one's hind legs by her fore legs,

the pair of hooks with which each is, as usual, provided

enabling this to be done with ease. Several others follow

suit till a whole chain is produced, all depending directly

or indirectly upon the fixity of hold of the originator of

the chain. Two chains hanging near together effect a

junction by the end bees of each clinging to one another's

hind legs, and so festoons of living beings are made,
hanging about in all du'ections. In this way all the

workers who are to secrete wax hang themselves up and
remain in festoons for some twenty-four hours. Mean-
while the honey has been gradually passed into the true

stomach and has been digested,

certain cells lying just under-

neath the skin of the under
surface of the abdominal seg-

ments begin to form within

themselves a liquid substance,

which in due course passes out

through the skin by means of

a network of minute polygonal

openings. Thus a liquid begins

to collect on certain white, trans-

parent and slightly depressed

portions of four of the abdominal
segments, one on each side of

each segment ; these are arched
over by the free edges of the

preceding segments, which
mould the liquid into a thin

plate, and this soon hardens by
exposure to the air, appearing

as yellowish-white scales. The

In consequence of this,

v»

Fi&. 4.—Under side of ab-

domen of Worker Bee.

Part of the plates of the

second segment has been
removed to show (a) wax-
pockets, (i) cut edge of

plates. The dotted lines

show the position of the

removed parts. Magnified
five diameters.

flattened depressions in which
they lie are called wax-pockets (Fig. 4), and are found

only in the workers.

The substance thus secreted and collected in the form
of four pairs of thin scales under the abdomen, though
containing the essential constituent of wax, is not yet in a

proper state to be used for building purposes. It has to

be chewed up and mixed with saliva. Our bee, therefore,

when its wax scales are all ready, extricates itself from the

festoon and goes to the place where building operations

are to be commenced. In order to understand what
follows, we must look for a moment at the bee's hind legs.

Here we find nothing remarkable till we reach the end of

the broad tibia or shank. At this point, if we were dealing

with any other kind of British bee, we should find on the

iMK r side a pair of stout, sharp-pointed spurs, as may be

seen in Fig. 5, showing the hind leg of a humble bee ; but

in the hive bee these 9.re absent, as photograph No. 3
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(L„..,..„,.,... No. 3.—Hiud Foot of Worker Bee, showing the ridged planfa, with its auricle
and comb.

Jfo. 4.—Junction of tibia and planta on Worker Bee's Hind Leg, more highly j^q_ 5 —nind Foot of Queen Bee, showing absence of auricle and comb,
magnified, showing aui'icle and comb.

The above are reproduced from Photographs taken by Dr. E. J. Spitta.
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Fig. 5.—Hind
leg of Humble
Bee. p, planta

;

.¥, spurs.

shows, and we find instead, on the outer side, an apparatus

which can be used as pincers. The first joint of the foot

proper, ov planta, is very broad, as much so as the tibia

itself, and on the inner face it is furnished with rows of

hairs which give it a ridged appearance (see photograph
No. 3) ; outside it is quite smooth. Now the outer and
upper corner of this planta is excavated and broadened, so

that a spoon-shaped depression is formed, which faces the

outer angle of the tibia and is called the " auricle." The
edge of the tibia opposite the auricle bears a row of stiff

bristles, called collectively the " pecten " or comb (see

photographs 3 and 4). This apparatus of auricle and
comb is found only on the hind legs of

the worker bees, as will be seen by com-
paring the photographs of the worker's

(3) and queen's (5) feet. By these two
structures the waxen scales are seized as

they project from the abdomen and pulled

ofl:' ; they are then passed on to the front

pair of legs, by which they are held up to

the jaws to be masticated and mixed with
saliva. As a consequence of this treatment
the wax becomes ductile and plastic, and
can easily be moulded and shaved down
or excavated to the required shape. Be-
yond this point the scope of our paper
does not permit us to follow its history.

^Yhen freshly built into combs, wax
is generally of a pale yellow colour, but
other shades are met with, and variations

of this kind are due to the pollen which
the bees have consumed in addition to

the honey that forms the basis of the

secretion. White pollen, such as that of the heather,

has the effect of whitening the wax, while dark orange
pollen intensifies its natural yellowness.

The value of beeswax to man arises from its plasticity and
combustibility. Its uses are manifold, and many of them
may be traced back to a very remote antiquity. The
readiness with which wax receives impressions and the

accuracy with which, owing to its lack of elasticity, it

retains them, early led to its adoption as the most suitable

material for coating writing tablets, and the same pro-

perty made it a valuable adjunct of the law courts for

use either in the form of tablets or seals. In ancient

times it was also employed in the arts, as a medium for

the mixing of painters' colours. Pliny has left an
account of the method of its preparation for this purpose.

Ordinary beeswax was boiled three times in sea-water with

a small quantity of nitre, and by this means it was pm-ified

and bleached. After careful drying it was fit for mixing
with all kinds of colours, and was then called Punic wax.
When we try to form some idea of the quantity of wax

that must have been annually consumed in the ancient

world for such purposes as those mentioned above, as well

as for the many other uses to which it was put, it becomes
evident that we have in wax secretion an excellent illus-

tration of the wonderfully great total that can be reached

by accumulated littles. For, though individually each
wax scale as produced by the bees is a minute object no
larger than about one-fifteenth of an inch long by about
two-thirds as much in breadth, the gross amount produced
season by season to supply the needs of the ci\'ilized

world must have been very large, and must have necessi-

tated the formation of millions upon millions of wax
scales. And although some of its ancient uses have
become obsolete, others have taken their place, and wax
still remains to man a valuable product of insect agency,
and the labours of the bees are still of the utmoet impor-

tance not only in the economy of Nature, but also in the
service of man. If we try to estimate the enormous
quantity annually consumed at the present day, in the
form of wax candles, in those countries in which the
burning of candles forms an essential part of all

ecclesiastical observances, and if we remember the great
disproportion that exists between the quantity of honey
consumed and that of wax secreted—the ratio being
sometimes as great as seventeen or eighteen to one,
as already mentioned—we see that for this purpose alone
there must be vast multitudes of bees hard at work day
after day, pilfering from the flowers of the hillsides,

gardens, and meadows of Europe that nectar which is to
serve as the raw material for so huge an amount of secreted
wax. And when we add to this the amount of honey that
is not devoured for wax secretion, but stored for future
use, and brought into the market before its conversion
into wax, we need no further evidence of the incredible
activity and industry which these small insects display,
and which have been the admiration of the world from
time immemorial. Their eagerness for gathering honey
indeed is so great that they become reckless and infatuated
in its pursuit. The following scene, described by Dr.
Langstroth, will illustrate this ;

— " No one can understand
the extent of their infatuation until he has seen a con-
fectioner's shop assailed by myriads of hungry bees. I
have seen thousands strained out from the syrup in which
they had perished ; thousands more alighting even upon
the boiling sweets ; the floor covered, and windows
darkened with bees, some crawling, others flying, and
others still so completely besmeared as to be able neither
to crawl nor fly—not one in ten able to carry home its

ill-gotten spoils, and yet the air filled with new hoste of
thoughtless comers."
The secretion of wax is not confined to the hive bee

amongst the Hymenoptera ; the humble bees also have
the power of producing a similar substance, although in
very inferior degree, since no definite comb is made, and
the wax is used only to strengthen the cocoons, and stop
up cracks and crevices in the roof. They differ from the
hive bee also in not bemg provided with wax-pockets.
The economy of these Bomhi is much less elaborate than
that of the hive bee ; they have, as it were, advanced less

far along the path of civilization, and are tiierefore satisfied

with more primitive and less refined arrangements,
especially in the accommodation of their larvm. Thus,
while the hive bee provides each of its grubs with a
separate cell in which to live and undergo its transforma-
tions, the Bomhi simply deposit their eggs here and there
on a shapeless heap of pollen, which constitutes the stored
provision of the establishment, and each larva as it hatches
begins to eat from the store immediately around it, thus
excavating a hollow which serves it as a cell. When the
larva is full fed, this is lined with sUk, and its walls may
then be strengthened with wax by the old bees.

[To be continued.)

THE LUMINIFEROUS ETHER.
By J. J. Stewabt, B.A.Cantab., B.Sc.Lond.

(Continued from page 112.)

IT
becomes an interesting question whether moving
bodies, such as the earth in its course through
space, carry the ether with them or pass through it

without causing any motion of the ether in their

direction. Do the matter molecules drag the ether
along with them or not ? Dr. Young, to whom the
advance of the undulatory theory of light owed so much
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at the beginning of this century, supposed that the motion

of the ether was not affected by the passage of gross

matter through it. but that the ether passed through solid

masses such as the earth or the planets fi-eely like the

wind through a grove of trees, or water through a wide-

spaced net dragged through it. The earth, according to

him, moved on its path, but the ether within it and around

it remained fixed in space. Experiments have been made
to test this question of the relative motion of the ether,

but it still remains imsettled. Some experiments seem to

point to one conclusion, some to the other.

The phenomenon of aberration, which consists in a

periodic displacement of the position of a star as seen fi-om

the earth, the period of the displacement being a year, is

usually explained as due to the composition of the velocity

of light with the velocity of the earth in its orbit. Owing
to aberration, in order to observe a star in the direction

A c or B i> a telescope must be pointed in

the direction a d, if in the figui-e a c

represents the velocity of light and a b

the velocity of the earth. The apparent

position of a star is always in front of its

true position. A ray entering the telescope

tube at D will travel with the velocity of

light and reach the other end of the tele-

scope while this latter has travelled with

the earth from a to b, so that the direction

of the ray in the telescope is along n a.

Thus aberration is satisfactorily explained.

But if this is the true explanation, the

amount of aberration must depend on

the medium which is contained in the

tube if the ether is

moving matter, for

light considered is

the medium filling the telescope.

The effect of filling the telescope tube with different

substances has been tried by Sir G. B. Airy at Greenwich,

and he found that the aberration was the same whether

the tube contained air or water. Now, in the wave theory

the index of refraction of a substance is the ratio of the

velocity of light in vacuum to its velocity in the substance,

and as the index of refraction of water is one and one-

third, the velocity of light in air is four- thirds of its

velocity in water, and the aberration with a telescope

containing water shoidd be four-thirds of its value under

ordinary conditions, on the supposition that ether is not

dragged along with moving matter.

To account for the fact that the aberration remains

constant it has been suggested that moving matter carries

the ether, or a portion of it, along with it. M. Fizeau has

made experiments to investigate how far the velocity of

light is affected by the motion of the medium, /.( ., the

matter through which it passes. If we imagine a luminous

object and an observer to be fixed in position relatively to

the ether, then if the medium intervening is moving
towards the observer and it carries the ether with it, the

velocity of the waves towards the observer will be increased,

but if the ether does not move with the matter of the

medium the velocity of light will not be affected by the

motion.

In Fizeau's experiment a pencil of rays from a narrow
slit was sent through two parallel tubes containing water

and reflected back again to the observer. The water was
made to flow through the tubes, in an opposite direction

in each, with a velocity of over twenty feet per second
;

and one half of the beam of light went through one of the

tubes travelling in the direction of the flow of water and
back through the other still in the direction of How, while

not affected by the

the velocity of the

its velocity through

the other half of the light went in a direction against the

flow of the water, entering through the second tube aud
returning by the first. The rays of light which had
traversed similar paths were brought to a focus by a lens,

and if the velocities of the rays were affected by the

moving water they would be affected in opposite directions,

and thus a difference in the time of transit would be

caused and a phase difference produced which should give

rise to interference fringes. By altering the direction of

the stream of water in the tubes displacement of the

fringes should take place if the ether is dragged along by

the water, and this is what Fizeau found was the case.

The fringes were displaced towards the right or towards

the left of the observer according as, in the tube placed at

the right of the observer, the movement of the water was
towards the observer or in the opposite direction.

Interference consists in the crest of one wave coinciding

with the trough of another and thus producing an absence

of resultant effect, or in two crests coinciding and thus

producing heightening of effect. When a beam of light is

split into two portions which are made to traverse slightly

differing paths, and these two portions are made to meet
again and overlap, in some places crests may fall on

troughs and cause there an absence of Ught, and thus

lines of darkness or interference fringes may be produced.

This is the principle involved in Fizeau's experiment, and
by measuring the amount of shifting of the interference

bands he obtained a measure of the change produced in

the velocity of the light by the motion of the medium
traversed. From his experiment he concluded that

Fresnel's theory was correct, according to which the

ether is partly dragged along by the surrounding matter

in proportion to its refractive index, so that the velocity of

the matter need not be taken into account, or added to or

subtracted from the velocity of the light, but that the

excess of the ether within the medmm over that outside is

alone carried along. According to Fresnel's theory, if V
is the velocity of light, and i- the velocity in a transparent

medium, and the index of refraction of the medium is «,

then the velocity of light in the direction of the motion of

I
— c. This closely agreesthe medium will be V H j

—

with Fizeau's result.

Messrs. Michelson and Morley, in America, a few years

ago made experiments to test if there was any relative

motion between the luminiferoua ether and the earth, and
the conclusion they came to was that if there was any it

was small—that is, that the ether is carried along with the

earth on its course through space. This result is in

contradiction to the ordinarily accepted explanation of

aberration. The nature of the experiment consisted in

sending light along two paths, one in the direction of the

earth's motion, and the other at right angles to it, and by

reflection causing the rays to fall on the same point, and
produce interference owing to the difference in path. By
sending the ray which went in the direction parallel to that

of the earth's motion first with this motion and then

against it, displacement of the interference fringes should

take place if there is relative motion between the earth

and the ether, and the amount of the displacement which

would occur can be calculated. Mr. Michelson found that

the displacement was probably less than the fortieth part

of what it would have been if the ether was at rest and

the earth moved relatively to it, and certainly less than

the twentieth of this value. The observations were made
with great accuracy, and Michelson reckoned that he could

detect an alteration of one part m four thousand millions,

if it existed. This is equivalent to detecting an error of

less than one-thousandth of an inch in fifty miles, and



June 1, 1894.] KNOWLEDGE. 125

the experiments point to the conclusion that the earth

carries the ether with it.

Prof. 0. J. Lodge has recently been making experiments

to find if he can detect any motion of the ether caused by

that of neighbouring matter. He uses two steel discs

about a yard in diameter, clamped together with a space

of one inch between ; these are made to spin round very

fast. Then a parallel beam of light is split into two by a

semi-transparent mirror, i.e., a piece of glass silvered so

thinly that it lets half the light pass through, and reflects

the other half, and the two portions of this di\'ided beam
are sent by successive reflections round and round the

space between the discs, in opposite directions. After

traversing thus a distance of from twenty to forty feet,

they are finally made to meet and enter a telescope.

In general, the lengths of the paths of the two portions

of the beam differ very slightly, and thus they interfere.

It is observed whether the motion of the discs is able to

cause displacement of the interference bands, but Prof.

Lodge could detect no true shift of the bauds. He says :

" Of real reversible shift, due to motion of the ether, I see

nothing. I do not believe the ether moves. It does not

move at a five-hundredth part of the speed of the steel

discs." Circular saws, railway trains, &c., he thus con-

cludes, do not carry the ether with them ; their motion
does not seem to disturb it at all. The presumption is

that the same is true of the motion of the earth. Prof.

Lodge thinks that " if moving matter disturbs ether in its

neighbourhood at all, it does so by some minute action

comparable in amount, perhaps, to gravitation, and possibly

by means of the same property as that to which gravitation

is due—not by anything that can fairly be likened to

ethereal viscosity."

Prof. Lodge has recently been able to increase the

velocity of his discs to three thousand revolutions per

minute, but even with this rapid rotation nothing which
can be attributed to a drag of the ether has been detected.

On the other hand, Mr. Michelson concludes from his

experiments that the relative velocity of the earth and the

ether is probably less than a sixth of the earth's orbital

velocity, and certainly less than one-fourth. Thus the

question of the connection of the ether with gross matter,

and the relation of its motion to that of the earth and the

heavenly bodies, is still by no means settled.

Not only has the luminiferous ether been applied to

account for the propagation of waves of light, and
for the phenomena of electrification by supposing this

to be due to stresses set up in it, but Lord Kelvin

has suggested that the ultimate atoms of matter may
consist of vortices or whirlpools in the ether. He
has pointed out that by means of motion alone, in a

fluid destitute of elasticity, a virtual elasticity may be

produced. It is well known that a quasi-rigidity may be

conferred on a limp chain by causing it to rotate rapidly.

If when rapidly revolving the chain be struck, a permanent
kink or bend is made in it which retains its form while

the rotatory motion lasts. Moreover, two smoke rings

when they collide rebound from each other as if they

were elastic, this appearance of elasticity being conferred

on them by their motion. Thus Lord Kelvin's hypothesis

in his kinetic theory of matter is that atoms are not hard

and solid, but that they consist of rotatory rmgs or

whirls in an incompressible frictionless fluid which is

perfect and homogeneous, this fluid being the ether, and
difi'erences in the elementary atoms are due to difl'erences

in the character and behaviour of these vortices, which
may be linked together in various ways. A serious

objection to the kinetic theory of gases, by which they are

represented as cf^isisting of hard solid spheres flying about

and colliding with each other, has been pointed out by

Lord Kelvin. It is that the effect of the collisions must

be to gradually convert the energy of translation into

shriller and shriller vibrations of the molecule, and that

finally all the translational energy will be changed into

this form. Thus on the elastic solid hypothesis of the

atom the result is not much different from what it would

be if there was imperfect elasticity. If there is no

tendency of this sort in the case of the vortex atoms, a

serious difficulty would be got over. Such atoms, more-

over, would possess the properties of unchangeability and

indivisibility ; they cannot be cut, for they would simply

wriggle away from the cutting instrument. They are

capable of vibrations, and mutual action at a distance

can be explained by continuous action through the inter-

vening ether.

THE GENESIS OF FLOWERS.

By the Rev. Alex. S. Wilson, M.A., B.Sc.

THE flowers most generally known are brightly

coloured blossoms adapted for insect fertilization
;

only these require to attract insects, which is the

end served by the perfume and conspicuous

colouring. Very many plants, however, bear

blossoms so small and obscurely coloured that they are

commonly either entirely overlooked or not reckoned as

flowers at all. The wind-fertilized flowers of the dock and

nettle have no occasion for the services of insects, and are

destitute of honey, odour, and brilliant petals. Still more
insignificant in appearance are the little self-fertilizing

cleistogamic flowers which, towards the end of the season,

are produced on the dog-violet. All three kinds possess

stamens and pistils, and are therefore recognized as flowers

by botanists. Besides stamens and pistils, which are the

essential organs of a flower, petals and sepals are usually

present. The petals collectively compose the corolla, the

sepals the calyx ; both together being spoken of as the

floral envelopes or perianth. Occasionally, as in the ash,

the flower is reduced to its essential organs, the floral

envelopes being absent. Plants bearing flowers, whether

with or without floral envelopes, are designated phanero-

gams or flowering plants ; they constitute the highest

division of the vegetable kingdom. Ferns and mosses,

again, are examples of the cryptogamic or flowerless

class ; they never bear flowers or seeds, but are propagated

by minute reproductive bodies termed spores. This class

is divided into thallophytes and vascular cryptogams.

The organization of a thaUophyte is very simple ; the

plant-body of a fungus or sea-weed, for example, consists

entirely of similar cells, and externally shows no distinc-

tion into root, stem, and leaf. The structure of a vascular

cryptogam, such as a club moss, horsetail, or fern, is more
complicated ; both cells and vessels enter mto the com-
position of its tissues, and externally the distinction of

stem and leaf is apparent. Phanerogams also admit of a

twofold division into gymnosperms and angiosperms
;

conifers, cycads and yews are gymnospermous, having

naked seeds, exposed either on the ends of branches or on

the surface of open scales. All ordinary flowering plants

l^roduce their seeds in the interior of a closed ovary, as the

lower part of the pistil is called ; from this peculiarity

they are termed angiosperms.

Only the remains of thallophytes have hitherto been

discovered in the oldest Paloeozoic rocks. Vascular

cryptogams appear in the Silurian strata, attain their

maximum in the Carboniferous age, and in succeeding

formations are gradually displaced by gymnosperms. The
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latter occur as early as the Devonian period, but the

prevailing type of vegetation down to the close of

Palipozoic time continued to be cryptogamic. Angio-

sperms possibly existed as far back as Permian times, but

it is only in the chalk that their remains begin to be

abundant ; the vast niajority of Mesozoic plants seem to

have belonged to the gymnospermous type. Plants with

conspicuous dowers only date from Tertiary times ; they

increase in number and importance as we approach the

present day.

Although the plants entombed Ln the rocks are only an

inconsiderable fraction of the numbers that formerly

existed, the general succession just indicated is fuUy made
out, and as the palieontological evidence accumulates it

tends more and more to establish the view that coloured

blossoms are, geologically speaking, of comparatively recent

origin. The vegetation of the earlier geological epochs

was marked by a singular miiformity of character ; not

only were there fewer species than now, and these widely

distributed over the globe, but the monotonous green of

PalsBOzoic and Mesozoic forests was unrelieved by gay

blossoms such as adorn our fields and orchards. We are

indebted to geology for another important fact ; fossil

plants occur which have no near relatives in the existing

flora. Intermediate forms which cannot properly be

classified with any linng family are met with ; in others

the characters of several modern groups are blended.

Although these generalized forms rather upset our systems

of classification, they have an important bearing on the

origin of li^dng plants. But what a different aspect, when
the coal plants were gi-owing in primeval luxuriance, the

landscape must have worn fi'om that on which we are

accustomed to look ! Odd, uncouth lepidodendra of

arborescent growth, huge reed-like calamites, gigantic

ferns stretched in interminable forests, clothed in one

imvaried tint of sombre green. How different is the scene

which Nature now presents !—mountains glowing with the

purple bloom of heather ; hillsides where the furze has

spread its cloth of gold ; meadows bright with daisies,

rauimculi, and cuckoo-flowers ; banks where the wild

thyme and bluebell grow ! The contrast affords a hint of

the transformation in our world effected by the introduction

of flowers.

Our knowledge may not enable us to describe all the

minute steps which led to this remarkable change, but we
can at least mdicate with great probability the nature of

the process and some of the agencies which contributed to

bring about this result. To suppose that each species of

plant was independently created as we now see it, implies

not one creation merely but many successive creations

;

moreover, it leaves unexplained all the curious affinities

which exist among the members of the vegetable kingdom.

The gradations of structure, the geological succession and
the peculiarities of plant growth are much more intelligible

when we view the plants which now inhabit the earth as

the lineal descendants of those which lived during the

earlier ages of geology. From the nature of the case, the

theory of development does not admit of actual demon-
stration ; still the evidence in support of it is such that

its advocates are entitled to claim a verdict on the mass of

indirect and circumstantial evidence.

Among palaeozoic cryptogams we have evidence of the

existence of structures which, with comparatively little

modification, might be converted into what we now regard

as flowers. The abundant remains of lepidodendra Ln the

coal measures testify to the important place attained by
the group of lycopods, or club mosses, in the Palseozoic

flora. To this family might very well have belonged the

archetype from which our modern blossom-bearing plants

have come. Our knowledge of this group is derived both

from fossil remains and from forms still extant. The
selaginellas, so commonly cultivated in greenhouses, are

examples; also the little club moss, Lijcopodiumselaiiitioidfs,

of otu' highland moors. The last mentioned, though a

diminutive form, possesses special interest, being one of

the few vascular cryptogams native to this country which
produce two kinds of spores. This heterosporous character

was, however, a common feature of extinct lycopods ; both
large and small spores have been detected in great numbers
in coal.

The internal anatomy of the lycopodiacese is somewhat
complex, but their external organization is simple. A
club moss consists of a cylindrical stem covered with

overlapping leaves, spirally arranged, of small size rela-

tively to the stem, and always simple or undivided. The
stem branches in a peculiar forked manner, which gives

the plant its characteristic candelabra-like form. Existing

lycopods are creeping plants, seldom exceeding two feet in

height, but many extinct species attained the dimensions

of large trees. On the ends of certain branches the

leaves are crowded together, giving the terminal portion

of each shoot some resemblance to a pine-cone. The
crowded leaves on this portion bear, on their upper

surfaces, little sacs called sporangia. Certain of these

sacs contain very numerous small rounded bodies, the

microspores ; others have fewer spores of larger size, dis-

tinguished as macrospores. Sacs containing the small

male spores are termed microsporangia ; those having the

large female spores, macrosporaugia. ^Yhen ripe, a spor-

angium bursts and discharges its spores, which arc

scattered by the wind. Should a spore alight on a favour-

able spot, it germinates after a time and gives rise to a

structure called a prothaUus, which is really an independent

plant. This stage in the life-history of a cryptogam is,

however, much better seen in ferns, where the prothaUus

is extirely expelled from the spore and attains a higher

degree of independent development. The prothaUus

throws out root-hairs, nourishes itself and grows, but the

leaf-like form it assumes bears not the remotest resem-

blance to the parent fern from which it sprang. This

phenomenon, characteristic of the higher cryptogams, is

known as the "alternation of generations." Similar phases

are observed in certain animals, the medusa or jelly fishes

for example. In the course of its development a fern

passes through two distinct phases ; first, the spore-bearing

stage or sporophyte, repi-esented by the fern frond

;

secondly, the egg-bearing stage, the oophyte or prothaUus.

As we ascend in the scale of vegetable life, the egg-bearing

or sexual generation diminishes in importance, while the

sporophyte preponderates more and more. In club

mosses the prothaUus has all but lost its independence ; in

the case of selaginella it is formed almost entirely within

the spore, only a small part being extruded when the

spore ruptures. Some of the lycopods are isosporous—that

is, they have, like the ferns, but one kind of spore. "Where

this is the case, the prothaUus developed fi-om the spore

bears two sets of sexual organs ; the prothaUus of one of

the heterosporous cryptogams, on the other hand, produces

sexual organs of one kind only. Antheridia appear on the

prothaUus developed from a smaU spore ; archegonia on

that fi-om a large one. The former are the male organs,

and from them are emitted numerous antherozoids,

minute cUiated bodies, which swarm over damp surfaces

in aU du'ectious. The archegonia are microscopic flasks,

each containing an egg-cell or oosphere ; they are entered

by one or more of the locomotive antherozoids, which

coalesce with the egg-cell ; the latter is thereby fertUized,

and soon grows by cell division into a plant resembling
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that from which the spores were originally obtained. The
life-history of a vascular cryptogam is, so to speak, a story

completed in two volumes.
Microscopic research has revealed a most interesting

relationship between flowering plants and the heterosporous

cryptogams. When the development of the pollen grain
in the anther of an ordinary flower is studied and com-
pared with that of a microspore, the two are foimd to agree
in a remarkable manner. The sporangium corresponds in

all essential points with the pollen-sac, and its generating
tissue develops in similar fashion to that from which the

pollen grains originate. In both cases an archesporium
is produced by the division of a hypodermal cell ; this

tissue next divides into a tapetal layer and a row of

mother-cells ; the tapetal layer dissolves, isolating the

mother-cells, each of which then forms in its interior four

daughter-cells, which are the spores or pollen grains as

the case may be. Not only are the antecedents of micro-

spores and pollen grains alike, but their subsequent
histories offer many points of resemblance. Pollen grains

are known in numerous instances to form in their interior

one or more vegetative cells, which can hardly be regarded
as other than a rudimentary male prothallus, such as is

commonly developed by a microspore.

There is another bond of connection between flowering

and flowerless plants of equal or even greater importance.
In the interior of the ovule, or yoimg seed, both of angio-

sperms and gymnosperms a special cell is developed, called

the embryo-sac. When the history of this cell is traced

back its development is found to be exactly that of a spore.

Certain structures are also formed in its interior bearing
the closest analogy to the internal prothallus observed in

the macrospore of selaginella. These are most obvious in

the embryo-sacs of gymnosperms, where the prothallus is

represented by the endosperm, while the corpuscula, or

secondary embryo-sacs, arising on this are the undoubted
equivalents of the archegonia of ferns and other cryp-

togams. The gymnosperms thus stand midway between
vascular cryptogams and angiosperms ; but even within

the embryo-sac of the latter, in the so-called antipodal

cells, may still be detected vestiges of the oophyte or

sexual generation, that structure so characteristic of the

flowerless class.

An alternation of generations can thus be traced through-
out the greater part of the vegetable kingdom, from the

lowest scale mosses through the urn mosses, ferns, horse-

tails, lycopods, and conifers, up to the highest members
of the phanerogamic division. But of more importance
for our present purpose is the certain identification of the

pollen grain and embryo-sac of flowering plants with the

microspore and macrospore of the older cryptogams. The
stamen of a flower turns out to be simply a peculiar form
of microsporangium, while the ovule is a macrosporangium,
containing but one macrospore, or occasionally developing

several. It follows, therefore, that we have only to enlarge

our conception sufficiently to see in the spore-bearing cones

of the lycopods structures of essentially the same nature

as flowers. All the materials that go to the making of a

flower could thus have been furnished by the flowerless

flora of Paleozoic ages.

An important change, which marked the transition from
cryptogams to flowering plants, must now be mentioned,
and to this the animal kingdom furnishes a striking

analogy. The lowest vertebrates, such as fishes, are

oviparous ; the ova are discharged and afterwards incu-

bated. Mammals, on the other hand, are viviparous
;

the young are hatched within the body of the parent.

The young of the kangaroo and other marsupials, which
constitute the lowest order of mammals, are still very

immature at birth. Analogous conditions are found among
plants. Cryptogams are all oviparous ; the macrospore,
which may be regarded as the ovum or egg, separates from
the parent plant before fertilization. Phanerogams, on
the other hand, may be described as viviparous, since they
retain the macrospore or ovum until it has developed an
embryo. The presence of an embryo constitutes the
distinction between a seed and a spore. Unless an embryo
be present a seed cannot germinate, since germination is

simply the emergence of the embryo from the coats of the
seed. An extreme case of this retention is seen in the
mangrove, where the seed germinates while still attached
to the tree ; the embryo sends down its long radicle into

the mud, and only quits its hold of the parent when it has
become firmly, established. Orchids and many parasitic

plants have seeds with exceedingly minute and imperfect

embryos, recalling the undeveloped oft'spring of the
marsupials.

The retention of the egg is attended with a manifest
advantage

;
plainly the viviparous method of reproduction,

which obtains in the higher divisions of the two organic

kingdoms, is much more economical than the other. By
the change to the viviparous condition several structures

present in the cryptogams are rendered useless, and a

disused organ invariably degenerates ; the prothallus and
its adjuncts, having no longer any function to perform,

must inevitably begin to atrophy. The rudimentary
structures appearing in the embryo-sac of phanerogams
can in this way be accounted for. The life-history of a

cryptogam extends, as we have seen, to two volumes ; it

now appears that the life-history of a phanerogam is a

second edition of the same story, somewhat abridged and
completed in a single volume.

The life-history of certain ferns occasionally undergoes a

corresponding abbreviation. In the phenomena of apospory

and apogamy we have departures from the ordinary course

of development, closely akin to what would be required

for the conversion of a cryptogam into a phanerogam.
Apospory occurs when the production of spores is omitted,

the prothallus growing immediately on the fern frond

;

apogamy, when the female organs are not developed, and
the fi'ond is formed by vegetative growth directly from the

prothallus.

There is another fact of which account must be taken.

In difl'erent groups of plants, in proportion to the com-
plexity of their organization, the female cell tends to

increase in size and importance. This is probably accom-

panied by a chemical or physiological enrichment of the

substance of the egg-ceU, rendering a higher degree of

protection desirable. The enclosure of the embryo-sac

within the ovule becomes in these circumstances an ad-

vantage. But by this investment, and by the ovule

remaining attached to the parent plant, the microspore is

of necessity reduced to the condition of a parasite, and the

conversion of the male prothallus into a pollen tube

becomes intelligible as a case of degeneration.

The closed seed-vessel of angiosperms, there can be little

doubt, has in like manner been acquired for the purpose of

excluding fungus spores, bacteria, and other destructive

germs from the ovules. Van Tieghem found that when
the pistil of a flower was opened the ovules could not be

directly fertilized, but were invariably attacked by bacteria.

The resinous secretions of conifers act as a germicide,

rendering less essential the protection of the seeds, which

is the role of the pistil in angiosperms.

The gradations between stamens, petals, and sepals seen

in the water lily, and the conversion of stamens into petals

in the garden rose, suggest a possible variation which

would explain the first appearance of the floral envelopes.
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The nectary may not improbably be a transformed water
gland, turned to account as an attraction to visitors, and
so of use in promoting cross-fertilization. Every new
character tending directly or indirectly to secure this

advantage would be perpetuated ; the colours, perfumes,
mechanism, and most of the peculiarities of flowers become
intelligible when viewed as results due to the selective

agency of insects. But the steps by which the mutual
adaptations of flowers and insects have arisen is a subject

demanding treatment by itself, and on which we cannot
enter at present.

IS BETA LYR^ A DOUBLE STAR?
By Miss A. M. Clerke, Authoress of " The System of the

Stars" and "A Popular History of Astrotwrny duritig tlw

Nineteenth Century," dr., dc.

ON
the 10th of September, 1784, -John Goodricke, of

York, discovered a bright white star in the Lyre
to be variable. He was a deaf-mute, scarcely

twenty years of age, and died before he was
twenty-two ; but he contrived to ascertain the

main features of its light-change. They are very peculiar.

In a period of twelve days and nearly twenty-two hours,
four phases of approximately equal duration are comprised.
The light-curve represented in Fig. 1 is perfectly sym-
metrical. The twin-maxima are situated just midway
between the imequal minima, and the measure of their

brilhancy is, time after time, filled to the brim, without
overflow or defect. Neither an abortive nor an excessive
maximum has ever been recorded in Beta Lyrse. The
intensity of the chief minimum is also—within observa-
tional limits—absolutely constant. So that the entii-e

compass of variation, from 4-4 to 3-4 magnitude, is a fixed

Oa 1 2 3 4 6 6 r 8 9 10 11 12 13

Fig. 1.—Light-ciiTTe of ^ Lyrse (Argelander).

quantity. The secondary minimum, however, does not
show the same immutability. Its occasional exaggeration,
by which the period is threatened with bisection, is

balanced by recurring deficiencies of emphasis. But the
flow of change is always smooth ; it is interrupted by
neither zigzags nor dead-level passages. Intervals of
stedfastness, no less than flickerings in lustre, seem
foreign to the character of this remarkable object, which
traverses its cycle without ever, so to speak, getting off

the rails. No single phase encroaches upon the next

;

anticipated maxima, retarded minima, are unknown.
Nevertheless, the entire period is lengthening, and has
been lengthening during the past hundred years, at the
average rate of about one-third of a second at each recur-
rence. We have yet to learn whether this perturbation is

of a compensatory nature. In either case, we can scarcely
refrain fi-om connecting it with disturbed orbital revolution.

Beta Lyrfe displays an exceedingly curious and beautiful

spectrum. The bright hnes noticed in it in the first days
of steUar spectroscopy by Father Secchi, were found, by
M. Von Gothard in 1883, subject to what seemed like

fits and starts of invisibility. Visual observation proved,
however, altogether inadequate to the investigation of a

highly complex phenomenon ; and it was not until the aid

of the camera became available that even its most essential

characteristics were recognized. The duplex nature of this

star's spectrumwas detected at Harvard College Observatory
in 1891. Mrs. Fleming's examination of twenty-nine
Draper Memorial plates showed all the chief bright lines

to be coupled with dark ones. This, at the time, unprece-
dented arrangement was repeated in Nova Aurigae, and
again last year in Nova Normse. All three spectra, too,

were of the Orion type, and in all three the great solar

prominence-line, K, was bright and broad. But while the
bracketed rays continued, in the " new stars," relatively

fixed, they execute in Beta Lyrie certain mutual evolu-

tions unmistakably connected with the periodicity of the

object. The relation, it is true, is not direct or immediate;
yet the processes of light-change and line-change cannot
be regarded as otherwise than, in the long run, concurrent.

Prof. Pickering accordingly suggested that the Lyra vari-

able is really a binary system composed of a gaseous mass
revolving in a period of nearly thirteen days round a star

of the same physical constitution with Eigel. The
opposite motion-displacements of the bright and dark
lines indicated, according to his estimate, a relative

velocity of three hundred miles a second in a circular

orbit, the moving bodies being fifty millions of miles apart.

No attempt was made to explain the fluctuations of their

joint brightness. Father Sidgreaves, however,who has made
this star the object of an interesting research, favours

the theory of an alternate eclipse by and of its supposed
gaseous attendant, combined with tidal action producing
both spectral and luminous variations. But the rationale

thus oft'ered is hampered by serious, perhaps by insuper-

able, difliculties.

Let us look steadily for a moment at the conditions of

the problem. It is admitted on all hands, to begin with,

that the star's telescopic variability depends wholly upon
the waxing and waning of its continuous spectrum

—

representing, presumably, its photospheric emissions.

The fading of brilliant rays, or the deepening of dark ones,

has no perceptible effect upon the sum-total of light. The
observed changes in its ijuantity and quality are, then, cor-

related effects of a single cause. The former are perfectly

definite, both as to time and amount ; the latter, amid
many seeming caprices, obey fundamently the same law
of recurrence. If the law be prescribed by orbital motion,
then the two kinds of variability must be capable of

explanation through the known results of such motion, to

the exclusion of contradictory conditions. But attempts

to provide, on this basis, a complete explanation of the

phenomena have hitherto led to nothing but entanglement
in a mesh of baffling inconsistencies.

The possible alterations through orbital movement in

the light reaching us from a binary system may be classi-

fied as optical and physical. Occultation-eflects, distortion-

effects, and line-shiftings produced by radial velocity are

of the first kind. They represent no actual changes.

They are compatible with an absolute constancy in the

state of the system, since they depend merely upon the

varying relations to the line of sight of the bodies forming
it. With the physical consequences, as regards luminous
emission, of close duplicity, we have only a speculative

acquaintance. It may be that the tidal disturbance at a

periastral rush-past would occasion eruptive outbreaks

associated with sudden accesses of brightness ; but the
" tidal theory " of temporary stars does not apply to the

object of our present discussion. For two reasons : First,

because the path of the stars thus affected should be a

• MoHthly Notices, Vol. LIV., p. 96.
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long ellipse, while that of Beta Lyrfe can be inferred from

the equal duration of its phases to be sensibly circular.

Nest, because the ebb aud flow of light displayed in them
is so tranquil as to exclude the possibility of their con-

nection with any kind of explosive action.

We seem, then, thrown back upon some description of

optical rntio)inh'. The most obvious is that of a double

eclipse, the brighter object being obscured at the principal

minima, the satellite at the subsidiary minima. This view

has in fact been adopted both by Father Sidgreaves and
by M. Belopolsky." Yet the light-curve of Beta Lyrfe

is totally different from those of Algol and other ordinary

eclipse stars. It represents continuous change, instead of

a settled maximum, interrupted at iixed epochs by a

comparatively swift decline and recovery. It would thus

appear that the Lyra variable can be associated with Algol

and its congeners only on one condition—that it is made up
of two enormous orbs circulating in such exceedingly close

contiguity that their mutual occultations form an almost

unbroken series. If each were of the solar mass, the

distance from centre to centre would then be roughly six

and a half million miles. Admitting further the separation

of their surfaces by an interval of one million, the diameter

of each of the conjoined bodies, which, for the sake of

simplicity, may be taken as equal, would be six millions of

miles. They would accordingly be three hundred and
thirty times rarer than the sun, their density exceeding
that of air at the sea-level only about three and a third

times. That globes thus tenuous should shine with stellar

brilliancy does not seem probable, but one should hesitate

to pronounce it impossible.

Assuming their existence, we can safely assert that,

although they might escape eclipse, they could not escape

distortion through the inequalities of their mutual
attraction. They would, in fact, not be globular, and
their persistent extension along the line joining their

centres, and corresponding compression in the opposite

direction, would cause them to present to our view (if the

plane of their orbit made only a small angle with the

visual ray) a larger luminous area when hroad-siile-on than
when end-on. And since the range of variability in Beta
Lyrffi is of one magnitude, the joint extent of surface

visible respectively at the elongations and conjunctions of

the pair should be in the proportion of two and a half to one.

The disparity of their alternate minima would, indeed,

offer a difficulty, but it might be successfully met by an
ingenious contriver of hypotheses. All that we are at

present concerned to establish is that the periodical loss

the entire orbital velocity is directed along the line of

sight, but coincide when it is directed across it. These
regularly alternating effects are, nevertheless, very im-
perfectly, if at all, recognizable in Beta Lyrse. The
extraordinarily complex nature of the problem with which
astronomers are thus confronted is emphasized by the

splendid series of spectrograms taken at Potsdam, mainly
by Dr. Wilsing, in 1892-3, and discussed, in his usual

masterly style, by Dr. VogeLf The prismatic section

depicted in them lies between wave-lengths -150 and .380,

so that they include the remarkable line at \ 4-17 together

with a considerable extent of the ultra-violet radiations.

They are, besides, unprecedentedly numerous, and appear to

be of pre-eminent definition, constituting altogether a

stock of materials of the very highest importance.
The spectral changes in this star are particularly well-

accentuated in the line H s. as the first member of the

ultra-violet hydrogen-sequence is termed in the new system
of nomenclature introduced by Dr. Vogel. The accom-
panying figures, reproduced by his kind permission, show
its characteristic aspects at the four critical epochs of light-

fluctuation. In Fig. 3 we see its condition at the principal

minimum. A brilliant wide ray lies on the red or less

refrangible side of an equally wide dark ray. The ensuing

maximum (Fig. i) brings little alteration ; only a slight

brightening comes in on the violet side of the absorption.

At the second minimum, however, a totally different state of

things is seen to prevail (Fig. 5). The black line is projected

upon a much broader bright band. And the next maximum
(Fig. 6) unexpectedly follows suit. The chief minima of

the star, then, take place when the H ^ lines are furthest

separated ; and the remaining hydrogen and other lines

tell the same story. This is as much as to say that these

mysterious obscurations are not due to eclipses, which are,

of course, geometrically impossible except when the

occulted and occulting bodies are travelling straight

athwart the line of sight. An additional circumstance of

great perplexity is the spectroscopic correspondence of

adjacent, and not, as would naturally be looked for, of

opposite phases of luminous variation. It obliges us to

discard utterly the supposition of motion-displacements in

a nearly circular track ; unless, indeed, we are permitted

to bring to the rescue a swift translation through space of

the entire system. This would also account for the

unsymmetrical character of the recorded line-shiftings, for

the bright lines travel very much further from the dark

ones towards the red than towards the blue, the com-
pensatory swing being almost nuU. But we can arrive at no

H( hS

Fig. 2.—General Spectrum of R Lyraj from wave-length A. 380 to A 450. Reproduced from paper of Dr. Togel, published in the

Sitzuiigslerichte of the Berlin Acad. d. Wiss, February 8th, 1894.

of light in this star, if an optical effect of revolution in an

orbit, can only occur when its components are crossing

our line of sight.

The spectroscopic evidence on the same point may now
be glanced at. Visually indivisible binaries, moving in a

plane passing nearly through the earth, show a double

spectrum at elongations, a single spectrum at conjunctions.

That is to say, the coupled lines in the dispersed light

of the companion-suns are separated to the utmost when

• Memorie degli Spettrosco^isti Italiani, t. XXII., June, 1893.

reliable conclusion on this point until Dr. Vogel carries

out his intention of measuring these shiftings with the

help of a comparison-spectrum. Information as to their

absolute values, their progress and plan, will then be

forthcoming. It is true that the width and close juxta-

position of the lines interpose serious obstacles to the

success of such operations ; but at Potsdam, if anywhere,

they will be overcome.

An inspection of Dr. Vogel's beautiful drawings suggests.

t Sitzungsberichte, Berlin, 8th February, 1894.
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however, a further complication. Light emanating from
a double source can, under certain circumstances, be

distinguished spectroscopically from light derived from a

single source. Appearances mapossible in the one case

expound themselves naturally in the other. Eeflecting for

a moment upon the origin of a double spectrum composed
of contiguous bright and dark hnes, we see plainly that the

Flo. 3.—Principal Miuimuni. Fig-. 4.—First Maximum.

Fig. o.—Secoiularv Minii] Fig. 6.—Second Maxiinii

Fig. 7.—Tlie llyline at tlie

Principal Minimum.
Fia. 8.—A 447 at the Principal

Mini]nuni.

' and amount of its Hght, but prudently refrains for the

present from attempting to explain the detailed peculiarities

and ii-regularities disclosed on about one hundred and

thirty of his spectrographic plates. Before these can all

be included under a common formula, knowledge must
obviously be greatly and variously increased—a con-

summation only to be brought about by working diligently

I
and waiting patiently.

Changes in the H^ Region of the /3 hjne Spectrum. The red end

of the Spectriim is to the right hand.

corresponding sets can show separately only through the
effects of relative displacements, in the absence of which
the combined spectrum should represent the simple
summation, wave-length for wave-length, of all the rays
received into the telescope. Not an algebraic summation.
There are no negative quantities. The darkest ray cannot
sink below the zero-level of light. Hence the vivid rays
lose none of their brightness by subtraction ; they must, on
the contrary, show more distmctly on an obscured back-
ground. Dark lines, accordingly, can never be seen
projected upon bright ones emitted by a companion
luminary. But look at Figs. 5 and 6. They exhibit an
absolute cutting-out, at the second maxima and minima of
Beta Lyraa, of part of the brilliant H ? ! They exhibit, in
fact, a phenomenon entirely inconsistent with the hypothesis

that the superposed bright and dark bands originate in

separate stars. The effect is almost demonstrably due to

real absorption by a cooler overlaying an intensely glowing
stratum of hydrogen in the atmosphere of a single
body. It would seem to be perfectly analogous to the
double reversals of the calcium K-line in Prof. Hale's
photographs of solar prominences. In the Lyra variable,
then, double reversals must be held to play a part in

producing spectral change. Motion-displacements are
doubtless also present, although they cannot be solely
effective. There are other items of evidence, too, proving
the variations in this wonderful spectrtmi to be in part
optical, in part physical.

Eecapitulating, we find that the eclipse theory of light-

change, in itself applicable only with extreme difficulty to
the circumstances of this star, is directly negatived by
patent spectroscopic facts. The incompatibility is fully

recognized by Dr. Vogel. He gives, indeed, a general
assent to the view that Beta Lyrae is a binary combination,
the period of which dominates the variations in the kind

THE FATIGUE OF METALS, AND MUSCULAR
FATIGUE.

By D. S. Smakt.

IN
common language we use the words leearineas and
fatiijuc almost indiscriminately, and as synonymous
terms to describe physical exhaustion. To the

engineer, however, the term fatiyue, as applied to

metals, carries a technical significance which
the expression wcarmess does not cover ; but it would
appear from the following facts that the technical word
fatiffue, as applied to metals, may with equal propriety be

applied to muscles.

Fatigue of metals is a phrase which has only come into

use within recent years, and it describes a condition of the

material not previously understood. The expression

stands for a straining of the relationship to each other of

the molecules of which the metal is constituted, a meaning
which the term weariness, or literally worn-ness, does not

convey.

It is a matter of constant experience amongst engineers

that parts of machinery break down after having worked
satisfactorily, and apparently with safety for months, or it

may be for years—ten, fifteen, or even twenty years.

The cause of such breakages was long a mystery, but is

so no more ; they are the result of fatiijiie. We take

advantage of this principle when we break a piece of wire
;

we bend it backwards and forwards until rupture takes

place—from fatifjue.

In the metals there is a point in their resistance to

pulling, bending, or crushing, known as the elastic limit,

the point at which permanent strain commences. The
elastic limit of iron or mild steel, for example, in their

normal condition, is reached, roughly speaking, when
about half the breaking load is applied. If the stresses

brought to bear upon a piece of metal are within this limit

it will sustain these stresses without injury, however long
they may be applied. If the stresses exceed the elastic

limit, in however small a degree, fatiyue of the metal will

result, and, if they are continued, breakage sooner or later

will inevitably take place. To guard against accident from
such insidious fatigiie, it has now become usual, in the best

practice, to withdraw permanently from use parts of

machinery, such as railway crank and carriage axles,

upon the soundness of which the safety of many Uves may
depend, after they have performed a certain number of

revolutions, even although no flaw or sign of injury can
be detected.

If, however, metals are strained beyond the elastic limit,

but not broken, and if the straining is not continued, the
material will recover its elasticity by rest alone. Some
years ago. Prof. B. W. Kennedy demonstrated by many
experiments the recuperative property of metals after

fntii/iie. Bars of iron and steel, strained in a testing

machine beyond the elastic limit, and so weakened thereby
that if they were tested again the following day they
would take permanent set at one-third or less of their

former load, would, if allowed to rest for about two years,

be found not only to have recovered their original elastic
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limit of strength, but to have exceeded it, and to have

become stronger than before in the direction in which they

had been pulled. If the period of rest was materially

shortened, the restoration of strength was found to be

incomplete.

Now let us consider how far fatii/m in this technical

sense is applicable to muscles as well as to metals.

Prof. Michael Foster, in his Cambridge University Rede
Lecture last year, pointed out that the muscles in the

leg of a frog severed from the body, and caused under

electrical stimulus to exert themselves in work until

thoroughly iccarifd, to use his own expression, and no

longer able to respond to the electrical excitement, will,

with rest alone, recover their elasticity and be able to

resume work as before. Prof. Foster demonstrated that

the weariness was in the muscle and not in the nerve.

These severed muscles were cut off from any new supplies

of strengthening material, and also from any replenishing

of vital force, and yet they recovered tone by rest alone.

It is therefore e\ident that this renewed vigour was
due solely to the readjustment or rearrangement of

molecules—to their recovery to a state of repose. The
worn tissues we know could not be restored, but fi'om the

fatigue the muscles did recover, and it is therefore clear

that the fatigue which we experience in our own bodies

must be largely fatigue in the technical sense in addition

to weariness proper, or worn->iess. Rest is therefore

required, not only to enable wasted tissues to be restored

by fresh material from the blood, and by the carrying

away of waste material, but also to afford opportunity for

the strained molecules to recover a state of repose.

In iron or steel which has been strained, a more rapid

restoration of the molecules to a state of repose is effected

by heating to redness and cooling slowly. This process is

termed annealing, and is regularly adopted to take the

fatigue out of chains, the strength of which has been taxed,

and oitt of any piece or plate of iron or steel which has

been much mauled in getting it to shape. In copper, the

same result is accomplished by heating to redness and
quenching in water.

If a piece of machinery is of ample strength for its work
it does not undergo fatigue, and is safe for any length of

time if not worn out by friction or by rust. In like

manner it is only those parts of our bodies which are too

light for their work which become reaMj fatigued. If one
is accustomed only to very Ught work, he becomes fatigued

when he undertakes heaner work. His muscles are

unfitted for it, and are consequently strained. In fact, all

heavy work is fatiguing, because our bodies are only fitted

for tlie average work of the race, and if heavy work were
to be done without excessive fatigue, special training

through many generations would be required. For work
only a little above the average, a course of training is

necessary. If, as in the case of machinery, the bodies of

men and animals were unprovided with a sensitive nervous
system to register fatigue and demand rest, we should
continually be having sprained and ruptured muscles and
broken bones. But some of the muscles, such as the heart

and the muscles of the chest used in breathing, although
in practically continuous action, are yet fairly equal to

their work, and unless exercised in an exceptional manner,
experience little or no actual fatigw. They, however, of

course, share in the drain of vital force which accompanies
fatigue and iieariness in any part of the body. It has been
pointed out that, although the heart appears to work
continuously, it really does its work expeditiously, and
finds time for a considerable amount of rest between the

beats, especially during sleep. The necessity for such
rest, however, is apparent, quite apart from any theory of

fatigue in the technical senses, as the rest is evidently

required in which to repair the waste of tissue and of

unguent which must continually be going on.

Prof. Foster further showed that if the severed but still

palpitating heart of a tortoise were washed with water

containing salt, some constituent of its strength would be

washed out, and the palpitations would cease, but that on
the application of a little lime-water the strength would be

restored, and the heart would again commence to beat.

Such recovery of tone cannot be due to the addition of

living cells such as might take place in the living heart

when incorporated in the living body, or the carrying away
of waste material, and can only result from change in the

muscular tissue, such as is involved in the absorption by
the impoverished molecules, through chemical affinity, of

their required nourishment. But such absorption is not a

property of muscular tissue alone. A similar process takes

place when iron becomes converted into steel by the

absorption of carbon in the case-hardening process. Strips

of iron can also be converted by this process into strips of

steel, their strength being about doubled. The iron is

simply heated and kept in contact with carbonaceous

matter until the absorption is complete.

STAR CLUSTERS IN THE ^ ARGUS REGION OF

THE MILKY WAY.
By A. C. Ranyard.

THE great nebulous stream which stretches across

the heavens in the Northern and in the Southern
Hemisphere is far from being a uniform ring of

nebulosity spangled with stars. When different

regions of the Milky Way are examined in detail,

they are found to exhibit local peculiarities which are not

recognized on a survey of the heavens with the naked eye.

Such differences of nebulosity and stellar condensation

seem to indicate that the different parts of this immense
cosmical structure are not identical in constitution, or,

if we assume that the various chemical elements are

uniformly distributed in space, such a want of homogeneity
teUs a tale of vast differences in the conditions under which
the various parts of the galactic system have assumed
their present form.

That the Milky Way is far from homogeneous was
distinctly recognized by Sir John Herschel during his

telescopic survey of the heavens, and now that, with
the aid of the camera, we are able to place accurate

pictures of different parts of the Milky Way side

by side for comparison, the characteristic differences

exhibited by different regions of the nebulous stream
become still more apparent. In speaking of the tj Argus
region of the Milky Way shown in our plate. Sir .John

Herschel (in the Cape Observations, p. 33) described it as

composed of stars of larger average magnitude than
other parts of the Milky Way, grouped into a series of

clusters separated by a number of darker patches and
lanes. In other parts of the Milky Way the nebulosity is

comparatively uniform ; in others, again, it is tlocculent, as

Sir .John Herschel described it, "like clouds passing in a

seud." The whole of the southern half of the Milky Way
appears to be rather more coarse-grained than the northern

half, and it is rather more thickly spangled with naked-eye

stars.

Such differences of constitution in different directions is

alone sufficient to negative the supposition tha: the Milky
Way is the projection on the heavens of a stratum of

stellar condensation, which corresponds, as it were, to a
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stellar ecliptic plane in which the sun and the majority of

the stars are moving. If we were looking through a vista

of stars which extended to a great depth in every part of

the Milky Way, such differences of constitution in diflerent

directions would indicate a radial distribution of the
diflerent types of structure about the sun's place, and
would involve the assumption that the sun occupies the
centre of the system, and that the material of the universe
is arranged symmetrically in sectors about it, an assump-
tion which is abhorrent to modern ideas, and irreconcilable

with what we know of the proper motions of the sun and
stars.

The assumption that the Milky Way corresponds to a
stratum of stars also involves other difficulties, for we must
account for the fact that the galactic stream of nebulosity
and thickly clustered stars is split into two streams through
half of its course round the heavens, and also for the fact

that the main streams are again di%'ided and branched. If

we hold to the assumption that these streams and branches
correspond to a stratum of considerable thickness in a
direction radial to the sun's place, the form of the
galactic system becomes very complicated. It is evidently

altogether simpler to assume that the streams have a

thickness which does not difl'er greatly from their apparent
breadth.

The photographic evidence which we now possess does
not indicate that the streams have the definitely defined

boundaries which they were thought to possess by Mr.
Proctor and the old school of map makers, who had to rely

chiefly on drawings made with the naked eye. If the Milky
Way pictures which have been published in Knowledge are

examined, they will be found to show novery definite outlines

of the galactic streams, and no clearly recognizable central

core, dark lanes or streams of stars running parallel with
the axis of the galactic stream. In our second plate, repro-

duced from a photograph of the region about the ry Argiis

nebula taken by Mr. Russell with a large camera, the
general axis of the Milky Way stream runs horrizontally

across the page, but there is no marked condensation of

stars or nebulosity at the centre of the stream, and the

curiously con-

torted stream
lines of stars

which are recog-

nizable seem to

be inclined at all

angles to the axis

of the great

stream of the

Milky Way.
There can be no

doubt about the

general parallel-

ism of arrange-

ment over the

heavens of certain
classes of objects with respect to the Milky Way ; thus the
smaller nebulas are grouped around the galactic poles, and
there is a marked absence of them in the neighbourhood of
the Milky Way. The larger nebulse and clusters, on the other
hand, are intimately associated with the distribution of the
lucid matter and stars of the Milky Way. The aggrega-
tion of star clusters upon the Milky Way, especially along
its central region, is very strikingly shown in the map
puWished by Mr. Proctor and Mr. Waters in the Monthly
Notices of the Pvoyal Astronomical Society for August, 1873.
The stars exhibiting a bright line spectrum are also dis-

tributed along the central axis of the Milky Way ; and it

has long been known that the brighter stars all over the

J'IG. 1.—Cluster with radiating streams of

Stars on the left or following side of the

X Argus Nebula.

heavens show a general arrangement with respect to the
Milky Way, and a general tendency to cluster towards it,

so that they, or a large proportion of them, must be in

some way connected with the Milky Way system.''- It is

evident, therefore, that a large proportion of the matter
which our sense of sight reveals to us is controlled by, or
at all events is symmetrically arranged with respect to,

matter distributed along the axis of the Milky Way.
In the photograph of the region we have before us, we

have an opportunity of studying clusters and streams of

stars which probably are actually as well as apparently in

close proximity to the axis of symmetry around which the
visible imiverse, or a large part of it, is symmetrically
arranged, and we naturally look for evidence of condensa-
tion along the central axis, or for some evidence indicating

motion around the central axis, but we look in vain.

In the star clusters which we are able to study in various
parts of the heavens, a central condensation is not always
to be detected. Thus the Pleiades and Hyades hardly
show any evidence of condensation towards a centre ; the
clusters in the sword hand of Perseus may be taken as an
intermediate type in which there is partial condensation or

Fig. 2.—The i; Argus Nebula with radiating Star Streams, the
position of which has been roughlj' indicated by scratches
on the block.

crowding towards a centre, and at the other end of the
scale we have clusters like that shown in Fig. 1, or like

the still more centralized cluster in Hercules, photographs
of which were given in the May and June numbers of

Knowledge for last year (1893.)

In the cluster shown in Fig. 1 and in the Hercules
cluster, as well as in the photographs of all similarly

condensed clusters which I have had an opportunity of

examining, the central mass or group of stars is surrounded
by radiating streams of stars which branch in a direction

away from the centre of the cluster, and the central mass
IS associated with dark structures or light-absorbing masses
evidently situated between the eye and the nebulous back-

ground or haze about the central stars.

The presence of an attracting mass at the centre of a clus-

ter is evidenced not by curves of stars concentric with the

centre, but by streams of stars which appear to spring from
the centre and break into branches in a direction away from
the centre. Similarly we should expect to find the pre-

sence of an attracting mass, or attracting masses, arranged

along the centre of the Milky Way stream evidenced by
chains of stars associated with dark branching structures.

If the streams of stars and dark structures were arranged

radially with respect to the axis of the Milky Way, we
should expect to find the best evidence of the radiating

structure at the edges of the stream and not at its centre,

where we should look down upon such radiating streams
vertically.

* Our own sun, and other swiftly moving stars, may not be so

connected.
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That we fail to find such a parallel arrangement of

diverging streams on either side of the Milky Way seems

to indicate that the stream of the Milky Way bears a

closer analogy to an open star cluster than to a cluster of

the centrally condensed type.

The nebula about ij Argus is a very fine specimen of a

nebulous cluster with a central condensation associated

with dark structures and radiating streams of stars. Fig. 2

shows several streams of stars diverging from the central

mass. (I have indicated the place of some of the most
remarkable of these streams by scratches on the block.)

The streams are in most cases accompanied by narrow
black channels in the general nebulosity, which run parallel

to and alongside of the star streams. The reader should

examine these on the large plate. The radiating character

of the great dark rifts, which entirely cut out the light

from some parts of the central region of the cluster,

is also well shown in this small scale picture of the

nebula.

It is interesting to compare it with the larger photograph
of the nebula reproduced in our first plate, as well as

with the large scale photographs of this nebular cluster

reproduced in the March and April numbers of Knowledge
for last year (1893). Sir John Herschel was the first to

point out the lines of stars bordering the edges of the

great dark rifts in this nebular cluster. There can be no
doubt about the intimate connection between the dark
structures and lines of stars in this cluster.

The trifid character of the great dark rift which blots

out the central regions of the i; Argus nebula may be

worth noting in connection with the somewhat similar

though fainter trifid rift in the Hercules cluster, which
was first observed by the Earl of Eosse, and described by
him as " three dark lanes meeting in a point." They are

well shown in several protographs of the Hercules cluster

which have been taken by the Brothers Henry, Dr< Isaac

Eoberts, and others. It may be worth noting, also, that

there are some dark patches and dark structures in the

central parts of the cluster shown in Fig. 1. They are

just visible in our plate, but are better seen in the silver

print from Mr. Russell's negative.

Fig. 3 shows some curious closed curves of stars forming
a meshwork, and a circle

of stars surrounding a com-
paratively dark area. In the

light of other phenomena,
it seems not improbable
that such closed curves of

stars, which are found in

many parts of the Milky
Way, may be due to star

clusters, the central parts

of which are obliterated

by dark structures envelop-

ing and cutting out the

light from the central parts

of the cluster. Fig. 3 also

shows several narrow dark
channels in the general

nebulosity. Similar dark

channels may be traced rmming over nearly all the brighter

regions shown in our second plate. There are also several

broader branching dark structures, one of which (im-

mediately to the left or following side of the cluster

shown in Fig. 1) evidently extends in front of the cluster,

for its branches interfere with some of the streams of

stars from the cluster, a fact which renders it probable

that this cluster lies at some depth within the star stream
of the Milky Way.

Fig. 3.—Meshwork of Stars to

the South of cluster shown iu

Fig. 1.

LIQUID CHLORINE.
By A. G. BLox.\5t.

THE critical temperature of chlorine gas," or the

temperature below which it must be cooled before

it can be liquefied by pressure is about 38° C, so

that this gas may be counted among those which
are easily converted into liquids. Faraday first

produced liquid chlorine, and described its colour as dark
greenish-yellow ; its specific gravity was afterwards deter-

mined to be 1'33, and its boiling-point 33-6° C.

It is very probable, however, that Faraday little dreamed
of liquid chlorine as an article of commerce to be bought
and sold by the hundredweight. He would, we imagine,
have been rather hard put to it to suggest a material for

the condensing pump and reservoir ; though, iu respect to

his memory, be it said that a very few experiments could not

have failed to furnish him with a solution to the problem.

The difficulties attending the production of chlorine,

and the impossibility of transmitting it in the gaseous
state, have combined to render chloride of lime in this

country, and chloride of soda (eau (h\jarel) iu France, the

only forms in which this indispensable bleaching agent can
be put upon the market. When it is remembered that

chloride of lime at its best does not contain more than 38
per cent, of " available chlorine," the advantage to be
obtained in the matter of freight by transporting pure
liquid chlorine instead of bleaching powder will be apparent.

The actual manufacture of liquid chlorine is now being
undertaken by a firm of alkali-makers at Salindres, the pro-

cess being conducted as follows, according to M. Fribourg :

—

The condensing pump is provided with a piston of

sulphuric acid, as being the packing best fitted to with-

stand the attack of the chlorine. To render such a piston

eifective, a pump of peculiar construction is of course

essential. This takes the form of a U-shaped tube of

cast-iron, lined with lead. The limb of this tube which
is to receive the chlorine is partly filled with strong

sulphuric acid, whilst the other limb contains petroleum
oil, and is provided with an ordinary piston. The upstroke
of the piston raises the petroleum, lowers the sulphuric

acid, and allows the chlorine to flow into the vacuum thus
formed, through a side tube provided with a leaden (?)

valve ; the downstroke compresses the chlorine through
another pipe into the refrigerated receiver, re-entry into

the generator being prevented by the leaden valve.

Such is the somewhat bald information connecting the

compressing machinery, with which we have at present to

remain satisfied. The receivers in which the liquid is

transported are wrought-iron or steel cylinders, the necks

of which are furnished with T-pieces carrying two bronze

valves, the one connected with a tube reaching to the

bottom of the receiver and destined to serve for with-

drawing the liquid chlorine as such, the other serving for

the withdrawal of gaseous chlorine. The cylinder weighs
some 225 lbs., and is capable of containing 1 cwt. of

liquid chlorine, or nearly 525 cubic feet of the gas. The
pressure in the cylinder is 10 atmospheres at 35' C, but

they are tested up to 100 atmospheres. The anhydrous
chlorine has no action on the iron, bronze, and lead fittings.

It is proposed to sell small cylinders containing 10 lbs.

of liquid chlorine for experimental use, so that the chemist
may look forward to a day in the near future when his gas-

generating flask shall be shelved once and for all, and his

oxygen, hydrogen, nitrogen, carbonic acid, sulphurous

acid, ammonia, chlorine, and sulphuretted hydrogen be at

hand, each in its steel or glass cylinder.

* The article by M. Feiboubg on Liquid Chlorine, from which the

facts iu this article are taken, appeared in a June number of

Bulletin Soc. Chim.
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Notfecs of Boolts.

Man the Primeval Saratje : his /laimts and relics from the

hill-tops of Bedfordshire to Blarkwall. By Worthington G.

Smith. (Stanford, 1894.)—A most interesting and artis-

tically illustrated book, in wbich the author describes, in

" clear understandable words," several of bis own researches,

throwing light on the historyand surroundings of paleolithic

man in England. After the glacial epoch, when the boulder-

clay was deposited, England seems to have been submerged

to a great depth beneath an icy sea, where its surface

received deposits of sea organisms ; it then gradually rose

till England was conjoined with that part of Europe now
known as Northern France. The Thames, the Rhine and

the Elbe were then tributaries of a great river which

emptied itself into the North Sea ; and the present

English Channel was represented by a river which Howed
towards the Atlantic, midway between Cornwall and the

north coast of Brittany, and emptied itself into the

Atlantic at a point to the west of where the Land's End
now is. It is known that the Thames was then broad,

and ran at a considerable height above its present level,

depositing river gravel, sand and brick-earth, in terraces

on the hillsides bordering its course. In these deposits

the relics of primeval man first appear. In some localities

such relics are comparatively abundant, not on the surface,

but imbedded amongst the gravel, sand, or brick-earth, a

hundi-ed feet or more above the present river level.

Palfeolithic man seems to have wandered into what is now
Great Britain from the mainland of Europe, and with him

came the mammoth, or great hairy elephant, the rhinoceros,

the lion, and the hyaena. But few relics of the bony

fabric of the paleolithic savage remain, though the stone

weapons and tools which he made use of are comparatively

common ; and Mr. Worthington Smith has found many
other objects that he used, even wooden stakes, the points

of which he sharpened with his rough stone implements.

The book will be found easy reading and very instructive,

both from a geological point of view and on account

of the anthropological and archfeological evidence which

Mr. Worthington Smith brings before the reader in a

most vivid manner.
Creatures of other Days. By the Eev. H. N. Hutchinson,

B.A., F.G.S. (London, Chapman and Hall, 1894).—As

Sir W. H. Flower remarks in his preface to this fascinating

and interesting book, there must always be much that is

mere guesswork in the restoration of the external appear-

ance of extinct animals, known only by their bones and

teeth, but Mr. Hutchinson and the accomplished artist, Mr.

Smit, who has aided him, have both done their work very

conscientiously, and have made use of much information

that is not available to the general reader when he

endeavours to reconstruct for himself the outward appear-

ance of the ponderous uncouth mammals and enormous

reptiles which held possession of the world for so many
ages. We shall probably never know much more about

the soft parts which have perished than can at the present

time be gleaned from the skeletons, footprints, horns, and

armour plates preserved in museums, though it is possible

that in the future different interpretations may be placed

upon obscure indications which are now imperfectly

interpreted. The chapter on the horse and its ancestors

is ot special interest because of the wonderful series of

fossil horses brought to light by geologists, and so clearly

interpreted by Huxley, Marsh and other authorities. These

remains constitute the most complete chain of evolution

yet known to the palaeontologist. When people inquire for

the " missing links," he can point with satisfaction to the

bones of ancient horses and show the gradual steps by

which the little five-toed ancestor of the Eocene period
gradually lost some of its toes, and took on other features

till its descendants evolved into the noble animal of the

present day. Most of the knowledge brought together by
Mr. Hutchinson in this book is the outcome of the scientific

work of the present century, and by far the greater part of

it belongs to the second half of the century. It is difficult

now to realize the ideas with regard to the past history of

our globe which prevailed at the beginning of the century,

when Cuvier, in 1804, from a study of the bones of the

palseotherium, found in the celebrated gypsum quarries of

Montmartre, near Paris, demonstrated for the first time to

the satisfaction of the scientific world that vertebrated

animals inhabited the earth in former times other than
those now found upon its surface. The book is a sequel to

Mr. Hutchinson's " Extinct Monsters," and will probably

be still more popular.

The Economics of Commerce. By H. de B. Gibbins, M.A.
(Methuen & Co., London, 1894.)—Mr. Gibbins' little book
will be welcomed by those who want a concise and sound
little manual on economic questions. At the end of each
chapter, which deals with the subjects treated of in a

simple as well as forcible manner, Mr. Gibbins gives

valuable lists of the books and papers that should be con-

sulted by those who wish to obtain a wider knowledge of

the questions dealt with.

The Wurhts of Space. By J. E. Gore (Innes & Co.,

London, 1894).—This is a collection of thirty-three very
readable essays and articles on astronomical subjects,

which have appeared at various times in The Xeu-beri/

House Mai/azinc, Knoirled^/e, The (ientleman's Ma;/azi7te, The
Sun, and Indian EiKiineering. The publishers have re-

produced very creditably many of the illustrations which
have appeared in Knowledge.

Tlie Art of Pnijectinn, and Cumplete Mai/ic Lantern

Manual. By an Expert (published by E. A. Beckett,

London).—A well illustrated little book, giving several

practical hints, and suggesting handy methods which will

be found useful by lecturers.

The following books have also been received for review :

Our Country's hlou-ers and how to know them, by W. J.

Gordon, with an introduction by the Rev. George Henslow
(Simpkin, Marshall, Hamilton, Kent & Co.); Our Country's

Jiirds and how to know them, by W. J. Gordon (Simpkin,

Marshall, Hamilton, Kent & Co.) ; The Starry Skies : First

Lessons on the Sun, Moon and Stars, by Miss Agnes
Giberne (Seeley & Co.); The Amateur Telescopists' Hand-
hook, by Frank M. Gibson, Ph.D., LL.B. (Longmans,
Green & Co.); The Bluebook of Amateur Photographers for

1S9S (Walter Sprange, London).

St<cn« Notes.

Dr. Max Wolf is to be provided with a new observatory,

which will be erected, at the cost of the city of Heidelberg,

on the top of the " Gaisberg," about one thousand feet

above the present university buildings. The Karlsruhe

Observatory and its instruments is to be removed to the

same spot, so that there will be a twin observatory on the

summit of the "Gaisberg," the meridional department
being superintended by Prof. Valentine, and the astro-

physical department by Dr. Max Wolf, whose friends are pro-

viding him with a new and larger photographic instrument.

Mr. David Morris calls attention to the noteworthy dis-

covery of the seeding of the sugar-cane, which has never

before been observed, the cane having been entirely pro-

pagated by cuttings for many hundred years. By a curious

coincidence a sugar-cane seeded both in Java and in the
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East Indies in the same season. Some of the seeds were
sent to Barbadoes and there planted, with extraordinary

results, hardly any two of the plants produced being alike.

Between some the differences were so great as to make
them hardly recognizable as the same plant ; one in parti-

cular was remarkable in having long roots springing from
every joint in the stem. It is thought that many new and
improved varieties might be produced if these plants could

be induced to seed regularly.

Some beautiful photographs in colours of the solar

spectrum have been taken by the improved method of M.
Lumiere. The essential principle of this colour photography
is as follows : A sensitive film spread in the usual way over a

glass plate is laid upon mercury, film downwards. Upon
exposure the light rays fall through the glass upon the

film, penetrate the film, and are reflected back through it

from the surface of the mercury. The reflected vibrations

interfere with the direct waves, so that at intervals the

vibrations are neutralized, and at intermediate points they

are intensified. At the former levels there will evidently

be no photographic effect, while at the latter there will be

a maximum. On developing, therefore, the part of the

film acted upon by light of any colour, it is found to be, as

it were, stratified, the strata being at a distance from each
other equal to half the wave-length of the light in question

;

consequently when viewed by reflected light, the same
colour is produced by interference.

Hetttrs.

[The Editor does not hold himself responuible for ths opinions or

statements of correspondents.]

SiK,—Will you kindly inform me what part of our

planet the Leonids are likely to strike on the 14th

November, 1899 ? WlU England be a good vantage ground
for seeing them ? and will there be a moon ?

I am, yours faithfully,

Litcham, Norfolk. A. Collison.

[The rich part of the Leonid stream of meteors must
be several hundred thousand miles in diameter, for in 1833

and 1866 the glorious display of meteors lasted for many
hours. Since the earth in its orbital motion around the

sun only takes about seven minutes to traverse a space equal

to its own diameter, it follows that on the above occasions

the earth must have been entirely immersed in the rich

part of the Leonid stream, and that all parts of the earth's

atmosphere on the hemisphere turned towards the Leonid
radiant must have been peppered by meteoric particles

;

the central portions of the hemisphere, no doubt, receiving

a greater share of bombardment, area for area, than the

regions near to the limb. The Leonid radiant is situated

at E.A. 150^ and N. Dec. 28°. The longitude of the part

of the earth's northern hemisphere which will meet the

greatest number of meteors will depend upon the exact

time at which the earth passes through the thickest region

of the swarm. The striking character of the display will,

no doubt, be diminished by the light of the moon, which
will be full on the 18th November, 1899. Those who wish

to avoid the chances of November fog and cloud during
the display would, no doubt, do well to go to Algeria or

Egypt, where the radiant will pass near the zenith.

—

A. C. Rantabd. t^^

VISIBILITY OF THE DARK LIMB OF VENUS.
To the Editor of Knowledge.

Sir,—In connection with the letter by M. Kudaux, in

this month's Knowledge, I should like to be permitted to

reiterate what I have on several occasions previously

stated, both orally and in print, viz., that whenever Venus
has been favourably situated, in or near her inferior

conjunction, I have never failed to detect her unilluminated

limb—in fact, that it has been so very visible as to have
been at once perceived by totally inexperienced observers

to whom I have been showing the planet.

But there has been no doubt whatever as to its appearing
distinctly darker than the surrounding sky, and my own
idea has always been that this had its origin (1) in the

fact that it is the refraction of the sun's rays through the

atmosphere of the planet, which, as it were, gives a very

delicate bright fringe or seeming background to it ; and

(2) gives thus a complete disc, very slightly darker than
the sky on which it is projected, as an effect of contrast to

the brilliant hair-like illuminated crescent which partly

surrounds it.

I do not believe in the unilluminated part of Venus
being ever really seen as brighter than the sky, save as a

purely optical illusion. 1 have myself, on several occasions,

been able apparently to trace her entire outline thus, in

the twilight ; the dark portion presenting substantially the

appearance of the lumiere cendree, or " old moon in the

new moon's arms," with which everyone, astronomer or

not, is so familiar. But on occulting the bright limb of

the planet by suitable means, the pseudo-dark limb has

absolutely vanished ; showing conclusively, to my mind,

that it had its origin somehow or somewhere in the

eyepiece. Yours faithfully,

Forest Lodge, Maresfield, Uckfield, William Noble.

May 9th, 1894.

COMET I. 1894. (DEXNINa).—PERIODICAL COMETS.

To the Editor af Knowledge.

Slr,—The very small inclination (6^-°) computed for this

comet a few days after its discovery induced the belief

that it was revolving in an ellipse of short period, and this

has now been reahzed, for M. Sehulhof, in Astronomisclie

Nachrichten, No. 8227, gives elliptic elements corresponding

to a periodic time of 6745 years. A more exact de-

termination may possibly be made should additional

observations be forthcoming, for it is highly probable the

comet is still observable in a few of the largest telescopes.

If the computed period of six and three-quarter years is

correct, it would appear that the comet is only perceptible

to us once in four returns, i.e., every twenty-seven years,

for at other times its position is too far from the earth.

In 1867, if the orbit were the same as at present, the comet
might have been well seen, for the earth was nearly in

the same longitude as the comet's perihelion at the time

the comet was there, and so the distance separating the

two bodies must have been near the minimum. This

ought to occur again in February, 1921, as the comet and
earth will be on the same side of the sun, and the former
will be projected on much the same region of sky as during

its recent apparition. It is remarkable that though the

comet was favourably visible and at a considerable altitude

in December, 1893, January and February, 1894, it was
not discovered until the end of March. The fact is

significant as proving the search for these bodies is not

nearly so rigorous as it might be.

M. Sehulhof expresses the belief that additional

periodical comets await discovery, and that a promising

field for the search will be iu that region of the sky opposite

to the sun. The experience of recent years fully bears

out the opinion of the eminent authority named, for the

number of short-period comets added to the list is quite

surprising :

—
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[No doubt tbe queen's chief function is the laying of

eggs, and, in fact, this was the point intended to be em-
phasized in the passage in question. But as she is evidently

the central fij^ure in the hive, the prosperity of which
depends upon her productiveness, and as her presence
seems to be necessary for the orderly correlation of the

various duties of the workers, it would appear to be some-
what speculative and hazardous to deny her any sort of

regulative influence, such as is implied by the generally

used term " queen." But a moment's consideration must
satisfy anyone that comparisons between the beehive

community and human communities, as they ordinarily

exist, or as Mr. Denham supposes that they might exist,

are probably equally far from the truth.—E. A. Butler.]

THE VENOM OF THE COBRA.

By C. A. Mitchell, B.A.Oson.

AMONG the most potent causes of death in India

must be reckoned the bite of the cobra-di-

capello {Niija tripwlians), the more so as the

reputed native remedies, natural and artificial,

all fail as antidotes to the venom when once
introduced into the system.

Experiments made by various chemists have deter-

mined the chemical nature of the poison, though, owing
to the difficulty and danger of procuring sufficient for the

purpose, there are few quantitative results published.

To procure the poison the reptile, which is firmly held

by a native snake-catcher or strapped down by the neck,

is made to strike repeatedly at a large leaf, on which the

venom fi-om the fangs collects.

As first obtained it is a frothy liquid, varying in colour

from pale amber to yellow, and according to Dr. Wall
occasionally colourless. Its specific gravity as compared
with water is 1-058. It may be kept in a stoppered bottle

for some months without material change, but eventually

decomposes, giving ofl' carbonic acid gas, and losing its

toxic properties. Bacteria are found in abundance in the

fresh liquid venom, as well as particles of epithelial

matter, the latter being more noticeable after the liquid

has been kept for a short time. The bacteria are derived

from the saliva of the snake, and have been proved to

add no additional virulence to the poison. When allowed

to dry in the air it leaves a yellowish film, which breaks

up into yellow granules of crystalline appearance, resem-

bling particles of gum-arabic. This residue preserves all

the venomous properties of the fresh poison unchanged
for years, as has been proved by experiments made on
animals with venom that had been kept for over twenty
years. Solution in glycerine is also found to be efi'ective

in preserving the toxic properties. The yellow granules

are said to possess a sharp acrid smell, though this was
not noticeable in some which the writer exammed, which
had been kept for several years. On heating this old

sample in a platinum basin it swelled up into a coke-like

mass, giving oft' ammoniacal vapours, and on ignition left

a slight ash in which sodium chloride was detected. The
ash amounted to 1'5 per cent., calculated on the weight
of the dried poison.

It has often been asserted that snake-venom contains an
animal alkaloid similar to the ptomaines found in putrefied

animal matter, but this view is not supported by the

majority of chemists. Though in some cases precipitates

may be obtained with the ordinary test reagents, they are

not distinctly crystalline as in the case of the alkaloids.

There is a class of complex substances containing a large

percentage of nitrogen, and found chiefly in the animal
world, to which the name of protiids or uUiumimiiil bodies

is given. Egg albumen, which constitutes nearly the

whole of the solids in the white of the egg, may be taken
as a tvpe of the proteid bodies, the average percentage
composition of which is

—

Oxygen, 21 to 23-5.

Hydrogen, 7.

Nitrogen, 15 to 17.

When exposed to the action

such as are contained in

albumen is converted into

Carbon, 51-5 to 54-5.

Sulphur, 3 to 2.

Ash, variable,

of acids, either mineral or

the gastric juice, any animal
a substance known as peptone.

which, while of similar composition, differs in several

respects in its behaviour towards reagents, and especially

in its power of diffusing through a membrane such as

parchment. There is also another albuminoid substance
very similar to egg albumen in its chemical composition,

but difl'ering from it in being insoluble in pure water,

which is known as ghihidin.

The complex nature of cobra venom has been noticed by
many investigators, but Prof. Armstrong was the first to

make a quantitative analysis of a small quantity of the

liquid venom, sent to him by Sir J. Fayrer. He found
that it left, on evaporation, a residue amounting to 28-128

per cent, of the weight taken, and that this residue, on
analysis, gave the following percentage composition, after

deducting the amount of ash :

—

Carbon 52-87

Hvdrogen ... . . ... 7-05

Nitrogen 18-29

Oxygen and Sulphur ... 21-33

99-54

This closely corresponds to the general composition of

albumens, but contains more nitrogen than egg albumen.
Prof. Weir Mitchell, in a long series of experiments,

proved that there were two albuminoid bodies in the

venom. By means of a parchment membrane floated on
running water, on which the venom was placed, he
succeeded in separating the two. The coagulable proteids

were left on the membrane, while the dialyzable matter
passed through. The substance deposited gave all the

reactions oi ylohulin. In the filtrate containing what had
passed through the membrane was foimd a substance

which could be precipitated but not coagulated by absolute

alcohol, which property, among others, entitled it to be

placed among the peptones. He thus identified two classes

of proteids :

—

1. A <ilobuUn—Coagulable and insoluble in pure water.

2. A peptone—Incoagulable by brief boiling and soluble

in pure water.

There was one noticeable peculiarity about this venom
peptone : although it did not coagulate at first on
boiling, yet after some time it became coagulated, being
apparently converted into a globulin. In this respect it

differed from ordinary peptones. Careful experiments on
animals proved that it was in the peptone that the toxic

principle of the venom lay. Pedler succeeded in obtaining

a yellow semi-crystalline precipitate with this poisonou.s

principle by platinic chloride, which diS'ered, however,
from that obtained with alkaloids in being less crystalline

;

and a similar result has been obtained by the present

writer.

Owing to the similarity between the albuminoid

substances in the venom and those in the blood, there

is not much chance of finding an antidote which will

neutralize the former without also injuring the latter.

It has been found that the strength of the poison is not
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impaired by being heated to 79° C, and that death occurs

as rapidly as when the unheated ] oison is used, but Fayrer
and Wall noted that prolonged boiling completely destroyed
its power. Alcohol, often spoken of as an antidote, has
been shown to have absolutely no effect on the venom, and
is only of use as a general stimulant to the system after a
bite from a serpent. Mineral acids and the caustic

alkalies neutralize it, but alum, though it delays, does not
prevent death. The most active neutralizing agents yet
known are potassium permanganate, ferric chloride, and
iodine, especially the first ; but owing to the rapidity with
which the venom circulates through the system they could
only be of local use, and would be of little avail once the
poison were absorbed.

Taken internally, the poison is as a general rule harm-
less, unless there be some abrasion by which it can get
into the blood. The same applies also to its action on
other mucous surfaces. Fayrer mentions a case where
one of his assistants accidentally got seme of the venom
into his eye, with no worse result than temporary inflam-

mation. Its primary action on the respiratory system is

first to cause an increase in the number of respirations

and then to diminish their number. Under its influence

the blood corpuscles lose their shape and become fused
together and the blood becomes incoagulable. Its

action on the nervous system is, comparatively speaking,

unimportant, and death occurs from paralysis of the
respiratory centres or from inability of the blood cor-

puscles to do their work. The terrible local changes
which occur after death from the bite of a rattlesnake are

much less noticeable in the case of the cobra.

Among the most interesting properties of the venom is

its action on other snakes. Sir Joseph Fayrer on more
than one occasion caused a cobra to bite its own tail,

which it would do very readily, but beyond the local

wound it suffered no ill consequences. Cobras were found
also to be immime against the bite of other cobras, but
non-venomous snakes succumbed as rapidly as warm-
blooded animals. The Indian viper, the Daboia, whose
bite is as dreaded as that of the cobra, was found to be
proof against the venom, and other species of poisonous
snakes more or less so, apparently according to the strength
of their own venom. It would thus seem that there is in

the blood of the more poisonous snakes some principle

which renders the venom innocuous, and in this direction
may lie the possible discovery of an antidote.

RIB-WALKERS."
By E. Lydekker, B.A.Cantab.

TO
say nothing of invertebrates, among which the
range of diversity is still more extensive, a great

difference prevails among vertebrate animals in

regard to the mode of progression, although
movements of this nature are nearly always effected

by means of the limbs. Ordinary mammals and reptiles,

for instance, either walk or run by using both pairs of

limbs ; but in birds and kangaroos, as well as in some of

the extinct dinosaurian reptiles, progression on land is

effected by the hinder pair alone, aided in some cases

by the tail. Jerboas and gerbils, as well as some other

rodent mammals, have likewise taken to a saltatorial

mode of progression ; while frogs mainly progress by
means of leaps effected by the elongated hind legs. Other
mammals, agam, are capable of making long flying leaps

by the aid of parachute-like expansions of skin along the

flanks and limbs ; while the bats and most birds, together

with the extinct pterodactyles, alone have the fore

limbs so modified as to subserve the purpose of true flight.

Then we may have both pairs of limbs converted into

paddle-hke flippers for swimming, as in the seals among
mammals, and turtles in the reptilian class ; while in

other cases, as in the whales and porpoises, only the fore

limbs are thus modified, while the hinder pair are
aborted, the tail being also adapted to act both as a kind
of screw-propeller and as a rudder. In fishes, on the
other hand—in which, from its vertical position, the tail is

a decidedly more rudder-like organ— both pairs of limbs are
used in swimming, and are aided by various paired and
unpaired fins, which have no connection with the latter.

Aquatic birds which float solely on the surface of the
water employ their hind limbs only in swimming, although
when diving many of them use their wings to a greater or

less degree ; but in the penguins the wings have become
modified into paddles pure and simple, and are only used
in diving. Frogs seem to be almost, if not quite, peculiar

in using only the hind pair of Umbs when swimming.
In all these instances, it will be noticed, progression is

effected either entirely or mainly by one or both pairs of

limbs ; but there are certain groups of vertebrates in which
limbs have more or less completely disappeared, and where
other means of progression have consequently to be em-
ployed. Among terrestrial types, the only completely, or

even practically, limbless forms are the various groups of

snakes, together with certain snake-like creatures, such as

the familiar blind-worm and some of the skinks, which,
although ordinarily denominated snakes, are in reality

nothing more than specially modified lizards, which have
assumed a snake-like form.

Although these snake-like lizards creep merely by a
kind of wriggling motion along the ground, the majority

of real snakes progress by means of a special modification

of structure, which is, perhaps, the most unique and pecu-
liar that could well have been hit upon by creatures

hampered by having to adhere to the vertebrate type of

structure. Snakes in general may be in fact not inappro-

priately termed "rib-walkers," since their ribs are the main
instruments of progression ; and in thus making use of

the whole length of their body and tail for this purpose
they may be compared to worms and certain other sym-
metrically segmented invertebrates, where every joint of

the body takes its share in this function. As most of us
are probably aware, in mammals true ribs are compara-
tively few in number, and are limited to a portion of the

region of the trunk. If, however, we examine the skeleton

of a snake, we shall observe, m the first place, that the

number of joints, or vertebrse, in the backbone is exceed-

ingly large, and that each of these joints, from the head
to a considerable distance down the tail, is provided with
a pair of curved and relatively long ribs, upon the extremi-

ties of which the skeleton rests. While comparatively

short in the region of the neck, these ribs gradually

increase in length towards the anterior part of the trunk,

and thence diminish by almost imperceptible degrees as

the tail is approached. As showing the extraordinary

amount of elasticity of which the vertebrate type of

organization is capable without the loss of its main dis-

tinctive features, we may contrast the skeleton of a snake

with that of a frog, when we shall find that whereas the

one attains the maximum development in the way of ribs,

the other has these structures reduced to a minimum.
In fact, for all practical purposes, a frog may be described

as a ribless creature ; the ribs being represented by small

rudimentary bones attached to the extremities of long

horizontal processes standing out from the sides of the

vertebrae. And it may be incidentally mentioned that in

consequence of this practical absence of ribs, a frog cannot
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breathe in the ordinary way by expanding and contracting

its chest, and therefore has to swallow air by taking in a

gulp, closing the mouth, and then forcing it into the
lungs.

Regarding, then, a serpent as essentially a " rib-walker,"

we have to see, in the first place, how this most peculiar

and original mode of progression is effected ; while in the

latter portion of our article we must point out the chief

family groups into which serpents are divided, and likewise

Front, Back, ami Left Side of the \'ert«br,i of a Suake

indicate why naturalists will run contrary to popular

opinion in telling us that a blind-worm is a lizard and not

a snake.

In a creature that has taken to a mode of progression so

peculiar as is that of a snake, the first essential is a

combination of strength with extreme flexibility in the

backbone, and this is attained by the development of an
extremely complicated system of articulation between its

constituent vertebras. In ordinary terrestrial vertebrates

the vertebrfe are connected with one another by two main
articulations. In the first place, the centrum or body of

every vertebra has a surface at each end for articula-

tion with the adjacent members of the series, and when
firmness and strength is the main object, as in the back

of mammals, these two surfaces are nearly fiat ; when,
however, greater mobility is required, as in the neck of

the more specialized hoofed mammals, this is efiected by
means of a ball-and-socket joint ; and in the snakes this

baU-and-socket arrangement extends throughout the whole
series, the cup {c of the foregoing figure) being in

front, and the ball (c') behind. In addition to this articu-

lation, vertebrfe are ordinarily connected by what are

termed zygapophyses, or flattened facets attached to the

arch or upper half of the structure—the anterior zygapo-

physis {:e) always looking upwards, while the hinder one
(ze) faces downwards. For all ordinary purposes these

two systems of articulation are amply suflicient ; but

snakes required something more, and they have accordingly

developed an additional pair. In the upper part of the

middle figure of our illustration there will be seen a pair

of deep pits (ci) on the hinder aspect of the arch of the

vertebra, which have received the somewhat long name of

zygactra, and show a flattened articular facet directed

upwards and inwards on the lower half of their outer sides.

Into each of these pits is received a somewhat wedge-shaped
projection from the front of the arch of the adjacent ver-

tebra (marked :i in the left-hand figure of our illustration),

and termed the zygosphene, the flattened articular facet

of which looks downwards and outwards. Such a triple

system of articulation produces, of course, extreme flexi-

bility of the backbone, without any danger of dislocation of

the joints, as any of our readers may ascertain for them-
selves by handling the articulated skeleton of a snake. It

might be thought that this remarkable system of articulation

was peculiar to snakes, and if it were so we should be able

to define that group of animals much more neatly and
definitely than we are at present able to do. Unfortunately,
however, for the systematist, the iguanas among living

lizards, together with certain members of some extinct
groups of reptiles, have precisely similar vertebral articu-

lations, which are due to that tiresome parallelism in

development alluded to so frequently in some of our earlier

articles. We believe, however,
we are right in saying that

none of the snake-like lizards

possess these additional arti-

culations to the vertebrfe.

Before leaving the subject

of the backbone, it must be
added that the ribs, which are

single-headed, are attached
to a facet (</) on the lower part
of the front end of each side

of the body of the vertebra
;

such facets being usually

situated on the body itself,

although in the figured speci-

men, which belongs to an ex-

tinct genus, they have distinct

pedicles. Although this mode of rib-connection is common
to lizards and serpents, it is precisely that best adapted
to afl'ord the greatest amount of motion to " rib-walkers."

It may be added that in all snakes the breast-bone and
bones of the shoulder, Uke those of the fore limb, are

completely wanting ; while there are, at most, only
vestiges of those of the pelvis and hind limbs.

Dismissing the interesting subject of the skeleton with
these few remarks, we come to the consideration of how
the reptiles under consideration walk. Now, if we
examine any ordinary snake, we shall find that the under
surface is covered with a series of oblong transverse
shields, overlapping one another by their hinder edges,

and in the body extending right across the lower surface,

although in the tail they very frequently form a double
series. Each of these shields corresponds to a pair of

ribs, and all are of the utmost importance in terrestrial

locomotion. On this point Dr. Giinther writes that when
any portion of the body of a snake " has found some
projection on the ground which affords it a point of

support, the ribs, alternately of one and the other side,

are drawn more closely together, thereby producing alter-

nate bends of the body on the corresponding side. The
hinder portion of the body being drawn after, some
part of it finds another support on the rough ground or a
projection ; and the anterior bends being stretched in a
straight line, the front part of the body is propelled in

consequence. During this peculiar kind of locomotion
the numerous hard shields of the belly are of great advan-
tage, as, by means of their free edges, they are enabled to

catch the smallest projections on the ground, which may
be used as points of support.' It follows from this that

on a perfectly smooth surface, like a sheet of glass, a

snake is utterly unable to move. It may be added that

these reptiles can only progi-ess by imdulating the body in

a horizontal direction ; and that the pictures sometimes seen

of snakes with the body thrown iato folds in a vertical

plane are pure evolutions of the artistic imagination.

That the large inferior shields of snakes have been
specially developed for the needs of this peculiar mode of

progression, there can be no doubt ; but, although they
are absent in the snake-like lizards, they are by no means
characteristic of the group as a whole. A further
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specialization seems, indeed, to have taken place in certain
members of the group, which have adopted a mode of life

in which these organs would be useless. An excellent
instance of this is afforded by the venomous sea-snakes of
the warmer oceans, the typical members of which are
purely pelagic in their habits, and have the under surface
of the body covered either with small scales, or retaining
mere vestiges of the large shields. That this departure
from the ordinary type is a specialized character is,

fortunately, demonstrated by one genus of these serpents
(Platiirus), the members of which are partly terrestrial
in their habits, and consequently retain the large inferior
shields. All the burrowing blind snakes, so widely dis-
tributed over the warmer regions of the globe, together
with members of several groups which have taken to
purely arboreal Ufe, have likewise lost the large inferior
shields, as bemg no longer useful.

In the pre-Darwinian days of natural history it was
doubtless considered that snakes were created as such,
and that they were always "rib-walkers." The modem
naturalist, however, knows better than this, since some of
the members of the group, fortunately, retain vestiges
which enable him to say with confidence that serpents are
the highly modified descendants of four-legged reptiles,
more or less nearly akin to lizards. Among the better-
known members of the group, pythons and boa-constrictors,
collectively constituting the family Boiidce, are those
alone retaining such vestiges, which externally take the
form of a pair of claw-like spurs situated on the lower
surface near the junction of the body with the tail. If,

moreover, we dissect such a snake, it will be found that
traces of the three bones of the pelvis are imbedded among
the muscles, although now of no functional importance
whatever. And if such rudiments are not to be regarded
as indicative of the descent of snakes from reptiles furnished
with hmbs, we may as well give up trying to apply philo-
sophical reasoning in zoology.

Putting aside the little-known group of blind snakes,
the pythons and boas are indeed the most primitive of all

serpents, and the more typical members of the group are
distinguished by their habit of destroying their prey by
" constriction." All pythons and boas, it is perhaps well
to observe, are non-venomous, and the family includes by
far the largest representatives of the entire ophidian group.
The excellent photographs with which this article is

illustrated were taken by Mr. Eanyard inside the cage of
the python, at the Zoological Gardens, Eegent s Park.
Formerly it was attempted to arrange all the other and
more specialized snakes, in which traces of the hind limbs
have completely vanished, into families, according as to
whether they were innocuous or venomous ; but modern
research has shown that such divisions are piu-ely arti-

ficial, and that the development of poison-bearing organs
has originated independently in several distinct groups,
thus affording another excellent example of parallelism.
There is, however, one family of snakes ( r;>«n'rf«), including
the ordinary vipers and rattle-snakes, all the members
of which are venomous, and may be distinguished from
the members of the other great family by the circumstance
that when the jaws are opened the maxillary bones, in
which are implanted the pair of long tubular poison-
fangs, become erected at right angles to the hinder part,
thus giving to the teeth the most powerful mode of
action possible. The other great family of limbless
snakes {Cohihrida) comprises both harmless and poisonous
forms, and is distinguished from the viper family by the
absence of the power of erecting the maxillary bones.
These snakes, which include by far the greater majority
of the entire group, are remarkable not only for the extra-

ordinary adaptability to different modes of life they display—some of them being terrestrial, others arboreal, others
fluviatile, and others marine—but still more for the cir-

cumstance that members belonging to totally different
sections of the family have become independently modified
to similar modes of life, and have thus acquired an external
similarity which effectually masks their structural differ-

ences. Their true relationships appear to be best revealed
by the structure and arrangement of the teeth ; and on this
e\-idence they are divided into three parallel sections, each
of which shows a very similar series of adaptations to
particular modes of life. In the first great section, or

Side view of the Head of the Pythou at the Zoological Gardens.
The fold beneath the head and neck is more than six inches thick.

solid-toothed colubrines, the whole of the teeth are solid

and frequently subequal in size ; and it is, therefore,

evident that all the members of the group (in which is

included the common English ringed-snake), are perfectly

harmless. In a second section, which may be termed the

hind-fanged colubrines, one or more of the hinder upper
teeth are enlarged and grooved ; and it would appear that

the majority of the group are more or less poisonous.

Among these snakes are the well-known arboreal whip-
snakes {Dri/ojihis) and sand-snakes {Pnaiinn(ip/iis). The
front-fanged colubrines, which are far more deadly, differ

from the last in having the front teeth in the maxillary

bones enlarged and either grooved or tubular for the

purpose of carrying the venom from the poison-gland to

the woimd. This section includes the dreaded Indian

crait, as well as the cobras of Asia and Africa, both of

which are to the full as deadly as any of the vipers ; while

the sea-snakes also belong to it. That the front-fanged

and hind-fanged colubrines have acquired their venomous
properties entirely independent of one another is perfectly

evident from the different position of the teeth modified for

this purpose ; and the wide structural difference between
the vipers and colubrines shows that the former have no
sort of connection with either of the sections of the latter.

We have, accordingly, clear evidence of the development

of poison-glands and fangs in three totally independent
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instances, which is perhaps the most striking example of

parallelism that can be adduced. The extraordinary

feature, to our mind, in the case is the eventual general

similarity of structure which has been attained in the

three instances—a simUarity which appears difficult of

explanation on the ordinary theories of evolution.

Coming to the last section of our subject, we have to

indicate how snakes may be distinguished from lizards,

and to add a few words as to the relations of the two
groups. We have seen that neither the structure of the

vertebrae nor the presence or absence of shields on the

lower surface of the body will suffice to distinguish

between the two groups ; and it may be added that

neither will the forked and retractile tongues of the snakes

serve our purpose, since a similar structure is possessed

by certain lizards. It has, however, been already men-
tioned that none of the snake-like limbless lizards have
the additional articular surfaces characterizing the vertebra

of snakes ; and to this it may be added that none of the

former have the tongue capable of being retracted into a

sheath at its base, in the manner distinctive of snakes.

An infallible, though not very important, point of distinction

between snakes and lizards is to be found in the circumstance
that whereas in the latter the two branches of the lower
jaw are always imited by suture, in the former the bond
of union is a ligamentous one ; and there are also certain

other points of distinction, into the consideration of which
it will be unnecessary to enter.

The structural differences in regard to the vertebrae and
tongue, coupled with the circumstance that there is more
than a single group of lizards, render it pretty certain

that snakes are not the final result of the modification of

ordinary lizards into snake-like forms. The snake-like

lizards may accordingly be regarded as a kind of bad
attempt to evolve a snake, since these creatures are by no
means numerous, and have not thriven and multiplied

after the manner of the true snakes. Whether, indeed,

snakes as such have taken origin from reptiles which
would be included by zoologists among lizards is more
than doubtful, although palieontological evidence is, im-

fortunately, very imperfect on this point. Both groups
are, however, of considerable antiquity, true snakes of

large size, and apparently as specialized as existing forms,

dating from the London clay, while bones which have
been referred to lizards occur in the Cambridge greensand.
Possibly the nearest approach to the common ancestral

form is a certain small lizard-like reptile from the English
chalk known as Dulichosaurus, differing from existing

lizards by the greater number of vertebriB in the neck and
the more simple structure of the feet, and having snake-
like vertebriP. Should this be the case, it would seem
that ordinary lizards have lost the additional articulations

characterizing the vertebra of serpents.

THE WOOD-PIGEON.

By H.UJRY F. WiTHERBV.

THE wood-pigeon (Columba palumbus) is the largest

representative of the genus Columba to be found
in Europe.

It occurs plentifully throughout England and
Scotland, and remains in the wooded and sheltered

districts all the year round, but is only a summer visitor

iu the more northern parts of the kingdom. In winter
wood-pigeons congregate, and go about the country in
flocks, which are no doubt largely augmented by numbers
of birds which come over fi'om the Continent.

The wood-pigeon is sometimes called the ring dove, on
account of the white feathers which form a partial ring

round its neck. It is naturally a very shy and wary bird,

and it requires careful stalking to get a shot at one in the

daytime ; but they may be easily shot in the evening, when
coming home to roost in the trees. It is sought after on
account of its destructiveness to crops, as well as on
account of its flesh, which is very good eating as a rule;

but at the time of the year when turnip-tops form its chief

food, its flesh has a disagreeable flavour.

Although a very shy bird, the ring dove may often be
seen in the London parks, especially in St. .James's Park,
where it even breeds. In the summer months I have seen
as many as ten together, feeding on the piece of grass under
Lord Beaconsfield's statue in Parliament Square, opposite

Westminster Abbey. Here they seem quite at home, and
take no notice of the people or traffic, and although there

is always a large flock of dovecot pigeons close to them, the

two species keep quite separate from each other. The ring

dove becomes comparatively bold in gardens, and destroys

a large amount of fruit in the summer months. It is

especially fond of currants, pears being also a favourite

dainty ; but its ordinary food consists of buds and young
green leaves, beech-mast, acorns, and grains of various

kinds. Wood-pigeons swallow the^r food whole, and as

many as ten perfect acorns have been found in the crop

of a single specimen. When drinking, the ring dove does
not take short sips like other birds, but satisfies its thirst

in one long draught as a horse would.

Its mode of alighting is very elegant. It descends with
a headlong swoop until within about two feet of the
ground, when suddenly it checks its rapid motion by
reversing the position of its head, and spreading out

wings and tail, drops gently to the ground. It is when
in this position that the tail is best seen, for it is then
spread out hke a fan, so that every feather is visible.

Its note is very plaintive and resembles the syllables " coo,

coo, coo, coo," the first two and the last being long, whilst

the third is very short. The number and length of these

syllables are occasionally varied. This note may be
heard at all times of the day in a neighbourhood frequented

by wood-pigeons, and from its plaintiveness the bird is

supposed to have received the name " Queest." In some
parts of the country, however, it is called the cushat, a

name the derivation of which is imcertain.

The ring dove's nest is of the frailest description ; it is

formed for the most part of sticks, while occasionally a

few roots and feathers are placed on the top of these to

do duty for lining. The nest is always very flat, and
is sometimes so lightly put together that the eggs or

young may be seen from below. It is generally built in

small trees in woods and plantations, and is thus pro-

tected from the wmd. Occasionally, however, the nest

may be found in more open situations, and in this case it

is built more compactly and is much stronger than when
placed in a sheltered spot. The nest represented in the

accompanying illustration is a good example of those found
in isolated trees exposed to the full force of the wind.
The nest is built at a height from the ground varying
from six to forty feet. When the bird has been sitting

some few days, the top of the nest assumes a whitish

appearance arising from a white powder in the bird's

plumage.
The eggs are pure white, and two in number. Two or

three broods are reared in a season, the first eggs being
laid in April, or even in March, and a wood-pigeon has
been found sitting on two eggs as late as September.
The young are hatched in seventeen days ; they are

at first covered with yellowish down, and their eyes
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are covered by a film for the

first nine days. They are

fed from the beaks of the

parent bu-ds with a whitish

secretion, often described as

milk, which is supplied from

the crops of the old birds.

The habit of feeding the

young in this manner applies

to all the pigeon family.

The flight of the wood-

pigeon is extremely rapid,

and when in the air it may
be distinguished from others

of its genus at a considerable

distance by a bar of white

feathers, which traverses the

wing. Its feathers are very

loosely attached to the skin,

so that they fall out with

even a slight blow. ^Yhen

suddenly disturbed from a

bush, a wood-pigeon will

often lose several feathers by

its contact with twigs in

getting away.
The male measures seven-

teen inches from the tip of the

beak to the end of the tail.

The female is slightlysmaller

,

and, except in this particular, scarcely difl'ers from her

mate in general appearance. The bead and back are bluish-

grey, and the upper part of the neck is of the same colour,

but the feathers on the sides of the neck are tipped with

white, and thus form the partial ring mentioned above.

The breast and under side of the neck are purple-red, while

the belly and under-tail coverts are ash-grey. The tail

feathers are twelve in number, and are of three shades of

grey. The beak, legs, and toes are dark pink.

Young birds of the year have no white on their necks,

and their whole plumage is less glossy than that of adult

wood-pigeons.

THE FACE OF THE SKY FOR JUNE.

By Herbert Sadler, F.R.A.S.

WHENEVER the solar disc is examined, it will

be seen to be marked with spots and faculte.

A maximum of the beautiful red star R Leonia

occurs on the 1st of June.

Mercury is an evening star during the

whole of the month, and, but for the prevailing twilight,

would be very favourably situated for the observer. He

sets on the 1st at 9h. 27ra. p.m., or Ih. 23m. after the Sun,

with a northern declination of 25° 16', and an apparent

diameter of 5^", t^V^Iis of the disc being illuminated. On

the 10th he sets at lOh. 4m. p.m., with a northern declina-

tion of 25° 2', and an apparent diameter of 6f", y'Vcti's of

the disc being illuminated. On the 16th he sets at

lOh. 3m. P.M., or Ih. ITm. after the Sun, with a northern

declination of 23° 34', and an apparent diameter of 7i",

just one half of the disc being illuminated. On the 2Ist

he sets at 9h. 56m. p.m., or Ih. 39m. after the Sun, with

a northern declination of 21° 54', and an apparent

diameter of 7| '. Woths of the disc being illuminated.

He is at his greatest eastern elongation (25i°) on the 23rd.

On the 30th he sets at 9h. 27m. p.m., or Ih. 9m. after the

Sun, with a northern dechnation of 18° 38', and an apparent

The Wood-Pigeox axp Nest.

diameter of 9j''. tVv'^^ '^^ ^^^ ^'^'^ being illuminated.

During the month he passes from Taurus through Gemini
into Cancer.

Venus is a morning star, but is now becoming rather

an uninteresting object for the amateur. She rises on the

1st at 2h. 20m. a.m., or about an hour and a half before

the Sun, with a northern declination of 9° 0', and an

apparent diameter of 17", r^ths of the disc being illumi-

nated, and her brightness being about equal to what it was

on February 3rd. On the 10th she rises at 2h. 4m. a.m.,

with a northern declination of 12° 19', and an apparent

diameter of 16-0", y^tlis of the disc being illuminated.

On the 20th she rises at Ih. 50m. a.m., or nearly two

hours before the Sim, with a northern declination of

15° 43', and an apparent diameter of 15-0'', y^ths of the

disc being illuminated. On the 30th she rises at Ih. 41m.

A.M., or 2h. 6m. before the Sun, with a northern declina-

tion of 13° 37', and an apparent diameter of 14'0", rrfo''lis

of the disc being illummated, and the brightness of the

planet being about equal to what it was on February 5th.

During June Venus passes through Aries into Taurus.

JIars, Jupiter, and Neptune are, for the purposes of the

amateur observer, invisible.

Saturn is an evening star, and is well placed for

observation. He rises on the 1st at 2h. 54m. p.m., with a

southern declination of 4° 52', and an apparent equatorial

diameter of 18-0" (the major axis of the ring system being

41" in diameter, and the minor 8^"). On the 15th he

rises at Ih. 54m. p.m., with a southern declination of 4° 49',

and an apparent equatorial diameter of 17i" (the major

axis of the ring system being 40^" in diameter, and the

minor 8-0"). On the 30th he rises at Ih. p.m., with

a southern declination of 4° 54', and an apparent

, equatorial diameter of 17|" (the major axis of the ring

system being 39^" in diameter, and the minor 7|").

Titan is at his greatest eastern elongation on the 16th,

and lapetus is in superior conjunction on the 6th, and at

his greatest eastern elongation on the evening of the 26th.

During the month Saturn is almost stationary in Virgo.
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Uranus is also an evening star, and but for his southern

declination would be well placed for the observer. He rises

on the 1st at 5h. lOm. p.m., with a southern declination of

15° 7', and an apparent diameter of 3-8". On the 30th

he rises at 3h. 15m. p.m., with a southern declination of

14° 54'. During June Uranus pursues a short retrograde

path to the N.W. of a^ a' Libr», being about 1' north of

a lOi^ magnitude star on the 22nd.

There are no well marked showers of shooting stars

in June.

The Moon is new at lOh. 56m. p.m. on the 3rd ; enters

her first quarter at Ih. 14m. p.m. on the 10th ; is fuU at

7h. 6m. A.M. on the 18th ; and enters her last quarter

at lOh. 3m. a.m. on the 2Gth. She is in perigee at 6h.

A.M. on the 5th (distance from the earth 223,620 miles),

and in apogee at uoon on the 20th (distance from the

earth 252,270 miles). At 9h. Om. p.m. on the 12th the 6th

magnitude star 58 Virginis will disappear at an angle of

187° from the north point, and reappear at 9h. 37m. p.m.

at an angle of 246°. At Oh. 41m. a.m. on the 14th the

6th magnitude star 13.A. C. 4700 will make a near ap-

proach to the northern limb at an angle of 23°, distance

about 2'. At ]lh. 20m. p.m. on the 14th the 6th magnitude
star B.A.C. 4923 will disappear at an angle of 175°, and
reappear at llh. 57m. p.m. at an angle of 232°. At
9h. 2m. P.M. on the 15th the 6th magnitude star B.A.C.
5197 will disappear at an angle of 108°, and reappear at

lOh. 23m. P.M. at an angle of 300°. At lOh. 46m. p.m. on
the 19th the 6th magnitude star B.A.C. 6628 will dis-

appear at an angle of 80°, and reappear at Oh. 8m. a.m.

on the 20th at an angle of 267°.

d^tsn Column.
By C. D. LooooK, B.A.Oxon.

CoMMTjNioATioNs for this column should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

Solution of Problem No. 17.

Key-move—1. R to Q3.

. K X P, 2. Q to Kt3ch.

. P to B4, 2. Q to Kt3.

. KxR, etc. 2. Q to Q5ch.

. PxPby2. RtoK3ch,or2. Q x RPch,
or Q to Kt3.

K to B4 by 2. Kt x Pch, or 2. P to Kt3.

If 1.

1.

1.

Triple after 1

.

Dual after 1.

Solution of Problem No. 18.

Key-move—1. B to R2.

If 1. ... KxR, 2. Q toBlch.
1. . . . KtxR, 2. B to Q5ch.
1. . . . Kt (Q8) moves, 2. R to K3 ( xKt) ch.

1. . . . B moves, etc., 2. R to Q4ch.
Dual after 1. ... Kt to R5 by 2. R to Q4ch or 2. B to

Q5ch.

Solutions of Problem No. 19.

Twii Siilntians, viz.— 1. R to R5 (Author's), and 1. P to K6.

Correct Solutions received from the following :

—

Fifteen Points.—Guy.

Fourteen Points.—Semper, B. G. Laws.

Tivetre Points.—A Norseman.

Eleven Points.—Chat, Kt. J.

Nine Points.—E. W. Brook, L. Bourne, A. C. Challenger.

Eight Points.—J. H. Christie.

No. 18 is correctly solved by H. S. Brandreth.

Mr. De Morgan's Conditional Problem is solved by Chat,

W. Willby, E'. W. Brook, B. G. Laws, A Norseman, and
Guy. Strangely enough, it is pronounced unsolvable by

Semper.

The solution is 1. Q to Q2, QxB; 2. P to B4ch, R
to Kt5 ; 3. Q X Q mate.

It should be noted that according to the supplementary
rule, published in the December number of Knowledge,
the triple continuation in No. 17 does not score more than
an ordinary dual.

J. H. Christie.—In No. 17, after 1.

to Q5, P to B4 is a good defence,

accordingly deducted from your score.

A Norseman.—Your three letters and postcard containing

solutions were duly received. In No. 17 there is no dual

after 1. . . . P to Q3 (sie), but as the claim was un-

intelligible, nothing has been deducted for it.

Gui/.—You are quite right to inquire how we knew that

the " Circle " was by a well-known composer. The sealed

envelope has not been opened, but the problem was
delivered to us by the hand of the composer in question,

whose handwriting happens to be familiar to us. We
assumed accordingly that it was his own composition.

A. C. Cheillenijer.—Many thanks for the problems.

Both are excellent and will appear next month.

. . K X P, 2. Q
One point was

PROBLEMS.
By Mrs. W. J. Baied.

Black (3).

White (7).

White mates in three moves.

By C. D. LococK.

Black (3).

White (5).

White mates in two moves.
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[After the hard work of the solution tourney, it is hoped
that the foregoing comparatively simple positions will come
as a relief.]

" Knowledge " Solution Tourney.

Final Scobe.

Guv



J.OLY 2, 1894.] KNOWLEDGE. 145

-i^

-^OVfLEOQ
AN ILLUSTRATED

MAGAZINE OF SCIENCE
^

SIMPLY WORDED—EXACTLY DESCRIBED

LONDON: JULY S, 1894.

contents;
PAGE

On the Mounting of Large Telescopes. By Prof. Geo.
E. Hale... ' 145

Insect Secretions.— III. By E. A. Butleb, B.A., B.Sc. ... U6
Liquid Air. Bv .J. J. Stehabt, B.A.Cnntab., B.Se.Loiul. ... U9
The Man-like Apes. By R. Lydekkeb, B.A.Cantab., F.R.S. l.jl

The Defining Power of Insects' Eyes. Bv A. C, Rantard I-jO

Notices of Books... I.-jS

On the Changes of Form in Comets Tails. By A. C.

R lyyARii 159

Letters:—C. MiiiiiE Smitr; William Noble ; Edw. G.
Gii.iiKET. M.D UiO

The Venom of the Vipers. By C. A. Mitchell, B.A.Oxoa. Kil

Types of Floral Structure. Bv the Eer. A. S. WiLsox,
M.A., B.S,- 163

Natures Protest against Change. BTVArOHAN' Cornish,
M.Sr., F.C.S .'. 164

The Face of the Sky for July. By Herbert Sadler,
F.R.A.S. 166

Chess Column. By C. D. Lococz, B.A.Oion 167

ON THE MOUNTING OF LARGE TELESCOPES.

By Prof. Geo. E. Hale.

EVERYONE interested in the mounting of large

telescopes will see iu Sir Howard Grubb's paper,

in your ilay number, a most valuable contribution

to the literature of the subject. It seems likely

that we are soon to be brought face to face with

the problem of de^^sing suitable mountings for instruments

of great aperture, and the novel modification of Dr.
Common's flotation method, described in the article referred

to, contains features which commend it at once. At the

same time it is not without disadvantages, but whether or

not these are to be regarded as serious, experiment can
best decide.

It is hardly to be doubted that Sk Howard is right in

looking to the reflector as the most promising means of

furnishing greatly increased light-grasping power. Such
able opticians as Brashear and Clark have told me that

they are ready to make objectives of as great aperture as

the optical glass furnished them will allow, and during a

recent visit to Jena I found Dr. Schott confident that he
could soon make discs of hitherto impossible size. Never-
theless, an aperture of sixty inches is the largest I have
ever heard of discussed for an objective, while Dr. Common
has at least two mirrors of this size, not to mention Lord
Rosse's great instrument. In default of glass, speculum
metal could be used, and I feel certain that Brashear would
undertake a mirror of ten feet aperture.

It is apparently only too true that for many classes of

work the reflector is inferior to a refractor of the same or

even much smaller aperture, but we may at present con-

sider only such problems as require for their solution an

instrument of great light-grasping power. I quite agree

with Sir Howard that "the chief hope of progress in

astronomical research lies undoubtedly in the application

of photography," and the great telescope under con-

sideration should most certainly be capable of being used

for this purpose. But the possibility of photographing a

field of stars or uebuhv at the focus of the instrument, while

most eminently desirable, is not the only advantageous use

to which a large instrument could be put. Indeed, I

venture to believe that the employment of such a large

telescope for the photography of stellar spectra would be of

even greater value in the advancement of science than the

results to be obtained by ordinary photographing in the

principal focus ; for so fruitful is the study of the spectra

of the brighter stars with small telescopes, that a far more
abundant harvest may be expected when greatly increased

apertures bring the countless number of fainter stars within

reach. In the case of the brighter stars, the manifold

increase of dispersion made possible by the gain in light

would render still more accurate than at present the

measure of motions in the line of sight, and the spectro-

scopic method would become a hopeful means for the

determination of the solar parallax. But the importance

of stellar spectroscopy is too evident to require discussion,

and I will merely point out one practical reason for

designing the telescope with this end in view. If the

definition of the instrument from any cause should turn out

to be defective, unsuiting it for direct visual or photographic

work, it might still be of great service in spectroscopy,

especially with a spectroscope having a long collimator.

Thus, if the telescope be of a design suitable for spectro-

scopic work, its construction need hardly be looked upon

as an experiment, for the probability that it would not

suffice for this purpose is very small.

If the desirability of constructing the telescope for

spectroscopic work be admitted, the focal length must

certainly be much longer than that chosen by Sir Howard
Grubb. With a spectroscope of given aperture, the bright-

ness of a star's spectrum is independent of the focal length

of the large telescope. If we choose a collimator of about

twenty-four inches focus, and give it an aperture of two

inches (more than this would hardly be advisable, on

account of the great size and weight of the prism-train),

we have a ratio of one-twelfth. With an aperture of ten

feet the great reflector would thus have a focal length of

one hundred and twenty feet. In any case I hardly think

a ratio greater than one-tenth would he advisable from a

spectroscopic standpoint. Sir Howard has chosen a ratio

of about one-fifth, giving a focal length of fifty feet for an

aperture of ten feet. DoubUng the length of the tube

would certainly render the problem of mounting the

instrument much more difticult, but this very increase

emphasizes the necessity of employing some such method

of supporting the tube as that devised by Sir Howard
Grubb.

One of the greatest defects of all forms of telescope

mounting at present employed is the method of sup-

porting the tube at a single point, which is usually near

the centre. In small instruments the difficulty is not felt,

but as the focal length and weight of the objective increase,

the question becomes serious. In the case of the forty-

inch Yerkes telescope the objective will weigh about five

hundred pounds, and the solar spectroscope nearly half a

ton. These weights (with additional counterpoise at the

objective end) will be carried at the opposite ends of a
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steel tube sixty-four feet lonj?. supported at the centre by

the great declination axis. Messrs. Warner and Swasey
have done their work so well that we fear no serious

flexr.re, but a certain small amount must be expected. If

the aperture were trebled and the focal length doubled, a

single support would hardly be sufficient.

With a reflector the conditions of the problem are quite

different, as the mirror comes at the lower end of the

tube. I have queried whether a slight modification

of Dr. Common's mounting for his five-foot reflector

would suffice for double the aperture and a much greater

increase in focal length. As the mounting is con-

structed, the polar axis is a great cylindrical steel vessel

so weighted as to float at the proper inclination in a tank

of water. The declination axis is near the lower end of

the short telescope tube, which is supported by it within a

fork projecting from the upper end of the polar a.Kis. As
the tube is very short and light, the mounting is a very

suitable one. If the fork were closed into such a form as

that shown in the drawing of Sir Howard Grubb's model,

and the upper end of the polar axis perhaps floated in a

second tank, a long tube supported near its middle point

might be carried fairly well, the range in declination being

about the same as in the case of the instrument described

in Knowledge. But as compared with the latter this

telescope would have, in common with most other instru-

ments, a number of serious disadvantages.

In the first place, the tube would be so supported as to

show a marked eft'ect of flexure due to its own weight. In

Sir Howard Grubb's instrument the flexure of the lower

portion of the tube would be very small, and that of the

portion of the tube above the declination axis would also

be small on account of its comparatively short length.

There would, however, be a flexure produced by the

resistance of the water to the motion of the tube when
driven by the clock. It would be an important advantage
if the driving power could be applied directly to the lower

end of the tube, but on account of the motion in declination

this is probably impracticable.

Again, the motion of the eye-end would be very great.

In the case of a great refractor like the Yerkes telescope,

the floor (seventy-five feet in diameter) of the observing

room must be arranged to rise and fall through a distance

of twenty-two feet. This seems unavoidable with a

refractor, but Sir Howard's plan reduces the motion of

the eye-end of an eight-foot reflector to so small a quantity

as to make it always accessible by very simple and in-

expensive means. For a ten-foot reflector of one

hundred and twenty feet focal length the motion of the

eye-end would necessarily be greater, but there would
probably be no great difficulty in following it on a movable
stage with stairway, or the observer might readily be

carried on the telescope tube itself. But bearing in mind
the purposes for which the instrument is designed

—

photography and stellar spectroscopy—this difficulty could

easily be avoided. I would mount the spectroscope on the

end of the tube, with the slit at the focus of the great

mirror and the axis of the collimator coincident with the

axis of the reflector.

The slit jaws should be polished, and inclined so as to

make a small angle with the focal plane. A reflecting

prism and telescope, supported near the centre of motion of

the reflector, would enable the observer to keep a star on
the slit. This device, which has been used by Dr. Huggins
for years, is much superior to any other method of main-
taining a star on the slit. For the second important use

of the reflector the spectroscope slit could be pushed up
out of the focal plane, to give place to a carrier for

photographic plates. A small mirror, attached to the outer

edge of the carrier, and adjustable in position, would make
possible the observation of a star outside the field being

photographed, with the small telescope used for a similar

purpose with the spectroscope. Thus, in both cases the

observer could stand near the centre of motion, and keep a

star on the slit or cross-hairs for hours. It would be

necessary to reach the upper part of the tube only for the

purpose of inserting the plate-carrier, and for visual

observations.

Another difficulty of ordinary mountings is the necessity

of providing a very large and expensive dome to cover

them. The dome fulfils a double purpose ; it protects the

instrument against the weather, and shields it from the

wind during observation. The second point is perhaps

of more importance than the first, for a large telescope

might be so constructed as to sufler little from the weather,

its more delicate parts being covered. As for the wind, a

wall like that shown in Sir Howard Grubb's drawings

would sufficiently protect an instrument three-fourths of

which is under water. If a dome were desired, a com-
paratively small one would suffice. The great saving of

expense on the dome and rising-floor is an important

argument in favour of this form of mounting.

Of the possible disadvantages which Sir Howard Grubb
has enumerated and discussed, it seems to me that the

first is the only one to be regarded as at all-serious. Con-

sidering its size and the immense number of interesting

objects within its reach, the limited range of the reflector

is no very great objection. The friction of the liquid

would probably render the setting rather slow, but such a

telescope is not designed to swing quickly about from one

object to another. It could better be employed a whole

night on one or two fields. As to the currents created

in setting the instrument, they would certainly be of brief

duration, and may therefore be disregarded. But the diffi-

culty arising from the difi'erence in temperature between

the liquid and the air is a more troublesome matter. That
the definition would be affected, and, worse still, the mirror

dewed if the air were warmer than the liquid, must be

expected. The remedies proposed might serve to remove

these difficulties, but I am somewhat sceptical about the

advisability of warming a mirror at the back. It might be

well to employ a double system of pipes for heating and

cooling, so controlled by a thermostat as to keep the liquid

very nearly at the temperature of the outside air. I should

still retain the proposed double tube, with the constant

circulation of air ; but even if every such precaution were

taken, much trouble from dewing of the mirror might still

be feared. Heating the mirror at the back, if it could be

nutiKKjed so as not to interfere with the definition, would
probably be the most efi'ectual remedy for dewing. It is

hardly necessary to add that, in our northern latitudes, some
liquid of lower freezing-point than water would have to be

employed.

INSECT SECRETIONS.-III.
By E. A. Butler, B.A., B.So.

{Continued from {laye 123.)

OST people have probably noticed at some time or

other certain small, dark bodies shaped something
like mussel-shells, which are not unfrequently

to be seen adhering to the skins of oranges or

apples, or to the twigs and branches of apple and
pear trees, but few would suspect them to be of insect

origin. Yet such is the case, for in these " mussel-scales"

we have examples of the family Coecida, or scale-insects,

and it is in this family that we are to find our next

examples of insect secretions. Amongst the Coccida there

M'
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is the most extraordinary difference between tbe adult

male and female insects. They are. to begin with, all

small creatures, some very minute. The males are pro-

vided with a single pair of wings, which in itself is an
exceptional circumstance, since they belong to an order

—

the Homoptera—the members of which are normally four-

winged. Thus they remind us of the two-winged flies, or

Diptera, and the suggestiveness of their appearance is

strengthened by the fact that they possess a pair of short

hooked appendages where we might expect hind wings, by
which we are at once reminded of the "balancers" of flies.

Nevertheless, their general aspect is so difterent from that

of the majority of dipterous insects, that they are hardly

likely to be mistaken for members of that order, especially

as they usually carry a pair of long bristles as a sort of tail.

(See accompanying plate.)

In the organization of these little males everything is

sacrificed to the one purpose of their life, that of re-

production, and such other functions as may be more or

less accessory to that, as, for example, sight and locomotion.

Thus we find that the mouth organs 'are atrophied, the

digestive apparatus shrivelled up, and that part of the

body which usually lodges the stomach and intestines

contracted to very small dimensions. They take no food,

and necessarily, therefore, Uve but a very short time. On
the other hand, they have an excellent supply of eyes, the

usual masses at the sides of the head being supplemented
by two large additional eyes on its upper surface, and this

superabundance of the means of sight must be of consider-

able advantage in their search for inates. They are

themselves not so well known as their partners, and in

many species have not yet been discovered at all. As a

consequence, it is evident that parthenogenesis must
frequently take place.

The fully-grown females are about as different as could

well be imagined. They have no power of flight—nor,

indeed, of locomotion of any kind, for in their adult form
everything is sacrificed to the nutritive and reproductive

functions, since they are destined to be great feeders and
mothers of large families. As they are not required to go
in search of mates, but enjoy the honour of being them-
selves sought out, and have nothing to do but wait to be

wooed and then settle down to their maternal functions,

means of locomotion and organs of sense are alike super-

fluous. Accordmgly we find that antenna and legs all

ultimately disappear, while the mouth organs become
highly developed, the piercing beak being sometimes six

times as long as the rest of the insect. When fully grown,

they seem to be little more than minute, inert lumps of

flesh, the animal nature of which is by no means obvious

to the naked eye till they are crushed.

The difierent species have the power of secreting

materials of various kinds, which, on exuding from their

bodies, form in most cases variously shaped scales, under
which the insect is to be foimd. The " mussel-shells

"

mentioned above are examples of these scales. There are

many diff'erent species, and their scales are of varied forms
and colours, the majority being more or less oval or linear.

Those that will produce males are both dift'erently shaped
and differently coloured from those that will develop into

females. They are often found on the leaves as well as

the branches of plants, each species having its own distinct

kind of food-plant. One very common species which proves

itself a great pest in conservatories is found on the under
side of the leaves of the oleander, especially along by the

side of the midrib, where it forms oval, convex, orange or

brownish scales. It is from these scale-like coverings

that this particular section of the Hnraoptera have been
called " .scale-insects."

The glands by which the material of the scales is

secreted lie, according to Mr. A. Morgan, on the upper
surface of the hinder part of the abdomen, and are some-
times very numerous ; they are tubular, and open by small
pores in the skin. The exudation from them is of a very
varied character. Sometimes, as we have seen, it forms a
distinct scale, which shelters the insect beneath ; some-
times it is in the form of cottony or silky threads, which
may remain adherent to the body, or may be deposited

as a covering for the eggs. Or, again, it is of a waxy
nature, as is the case with the maker of the Chinese insect

wax of commerce, a species of Coccus nourished on a kind
of ash tree. The insects that form this secretion suck up
the sap of the tree to such an extent that they ultimately

become almost entirely converted into masses of wax,
which encrust the branches. This wax, when separated

from the branches, is melted over a slow fire and then
poured into cold water, by which it is washed and at the

same time solidified into flakes. These are again melted
and cast into cakes, and the wax then appears as a hard,

translucent, crystalline substance, something like sperma-
ceti. It is used for a variety of purposes in the East,

especially for making candles and in the practice of

medicine. It must be carefully distinguished from Japanese

wax, which is also used for candle-making, but is a

purely vegetable product obtained direct from the fruits of

certain trees, and not elaborated from plant juices through
the medium of an insect's digestive and secretory apparatus,

as is the case with the Chinese product.

Several other of these Cvccida yield valuable products,

of which they are either directly or indirectly the origi-

nators. For example, the splendid scarlet dye called

cochineal is derived from a species which is cultivated on
cactus plants in Mexico, Madeira and elsewhere. The
wingless and legless bodies of the female insects are

collected and dried, when they look something like seeds
;

and from these the dye is obtained. The substances

called " lac " and " manna," again, are produced as

exudations on certain trees by the punctures of other

species of scale-insects, the former on a kind of fig tree

and the latter on tamarisk. The lac, while still adhering

to the branches, is called stick-lac, but after separation

and various degrees of refinement it is known by the names
of seed, lump, and shell lac, the latter being the form in

which it is most familiar to the British public.

The life-history of insects belonging to this group is

generally somewhat as follows. The young larvs, when
just hatched, are furnished with the usual insect appur-

tenances, and are more or less active ; but they soon

attach themselves to the leaf or bark, become modified in

form, and begin to grow a scale. The female casts its

skin twice, but the male only once. The cast skin is to

be seen either in the centre or at one end of the scale,

fastened there by the secretion of which the scale is

composed. After a time, the insect changes into a

chrysalis, which again is peculiar, for the rest of the

Homoptera do not exliibit a complete metamorphosis, but

are active throughout life. The female deposits her eggs,

which are numerous, under the scale, just behind her own
body, and having done this she dies, leaving her shrivelled

body just where it was. The adult insect is often much
smaller than the larva which yielded it, and this shrinkage

of course leaves room for the eggs and young insects under

the scale, until the latter leave the parental roof and settle

down elsewhere by pushing their beak-bristles into the

plant as a permanent anchor and suction apparatus.

Sometimes there is not only the rounded scale on the

insect's back, but in addition to this a flat one, very much
thinner than the other, is formed underneath the body.
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On removing the creature from the plant to which it is

attached, the under scale often remains behind and appears

as a thin film on the leaf. When the insect dies, its upper

scale after a time falls ofi', but the under film still remains

attached, to attest the former presence of the insect ; and

in this way relics of two or three generations, which have

succeeded one another, may be found on the same area.

The life of a female Conns is about as uneventful as one

can well imagine ; and in this respect it is a fitting accom-

paniment of a degree of degradation in structure which is

almost without parallel amongst insects. If one felt

inclined to moralize on the subject, one might well adopt

the quaint words of an old naturalist writing a century ago

about one of these scale-insects that is to be found on rose

trees. He closes his paper with the words : "This is the

biography of a creature whose world consists of two inches

of a little branch of a rose bush, and it accomplishes what
most men do : being born, multiplying itself, and—dying."

The sluggish habits and semi-vegetative life of these

degraded female Cucci render them peculiarly liable to the

attacks of parasites of various kinds, and, amongst others,

parasitic fungi have been discovered upon them. Some of

these appear to attack them during life, but others locate

themselves on their dead bodies, deriving their -nourish-

ment from the carcase. Of course all such fungi are

exceedingly minute, but still some very beautiful forms are

sometimes to be met with. In his " Vegetable Wasps and
Plant Worms," Dr. M. C. Cooke figures one, of which we
reproduce a sketch (Fig. 6 1, showing three pretty little

clubs rising up from the surface of the convex scale.

Two other genera of this

remarkable group of insects

may be referred to as form-

ing their waxy or silky secre-

tions into dift'erent shapes

from those mentioned above.

The first oitheseis Kiinpt'ltis.

This forms little compact
oval tufts, like pieces of cot-

ton wool (Fig. 7) attached to

the stems and blades of

certain grasses, and there is

certainly nothing whatever in their external appearance to

suggest any connection with bisects, unless, indeed, they

might be cocoons of small ichneumon flies. But a close

examination, revealing a number of separate threads

standing out in all directions, would soon dispel this idea,

and would leave their real nature as problematical as ever.

Though apparently not uncommon, they have not long

been generally known in this country, having previously,

no doubt, been overlooked, partly because of the little

attention that was until recently paid to the Con-iiUe, and
partly because of the completeness of

their disguise. They seem to have been

first noticed in this country in 18.56,

when there is a reference to them in

" The Proceedings of the Entomological

Society of London "
; but that was soon

forgotten, and they passed out of know-

ledge till 18H5,when Mr. G. C. Bignell

again called attention to them.

The other genus is called Onhaia,

at least one species of which is a com-
mon and widely distributed insect

(Fig. 8), though, as it is of retiring

habits, it is not likely to be fre-

quently seen except by those who specially look for it.

The whole body is invested in the waxy secretion, and
no parts of the real insect are visible except the legs

Fig. G. — Scale-insect, with

parasitic fungi. Much magnified.

(Aft ~• Cooke

Fio. 7.

—

Eriopeltis

festncfF, on l)lacle of

grass.

Fig. 8.—Adult female
of Orthezia urticte.

Magnified eight

diameters.

be alive ; and
idea of an im-

and antenn*. which project from the waxen coat which
envelopes the whole. There is also the further peculiarity

that the exuilation is not irregularly disposed in the form

of loose threads, but is perfectly symmetrically arranged in

the form of fluted columns and rosettes, so rigid and so

exquisitely chiselled as to give the in-

sect the appearance of being a little

marble statuette. On the fore part

the white secretion is arranged in a

sort of rosette, and behind in parallel

longitudinal lines, reminding one of

stiflly arranged folds of drapery. Un-
derneath, the surface is strongly convex
and smooth, forming the outer boun-

dary of a kind of pouch in which the

eggs are carried. On seeing the in-

sect from above, it appears simply to

be an exquisitely neat cast in plaster

of Paris, and there is nothing sugges-

tive of a living being at all. On
turning it over on its back, one is

much astonished to find that the

supposed mineral is provided with

six little brownish legs, which by

their movements show the thing to

there is then irresistibly suggested the

prisoned being enclosed in a perfectly rigid shell of plaster

of Paris, with minute holes for the legs to come through,

and one is apt to think that some misfortune must have

happened to the creature to bring it into such a condition.

The condition, however, is a perfectly natural one. and the

insect may be found thus covered in all its stages amongst

dead leaves and other rubbish. While it is young, little

more than the rosette is developed, and the egg pouch is

not added till the insect becomes fully grown. It is only

the female insect that appears in this curious form ; the

male is a small winged creature, with a single pair of

wings and a number of tufts from its tail, like spun glass.

The aphides are closely allied to the Coccida, and
amongst them too we find instances of the secretion of

masses of protective matter, which are employed to shelter

both old and young insects. Perhaps the best known
example of this is to be found in the "American blight,"

or " woolly aphis," that sometimes infests apple trees. A
badly infested tree will look as if its branches had had
masses of cotton wool scattered about in all directions

over them. The cottony substance will be found specially

thick round crevices in the bark, or on places whence
boughs have been removed in pruning or accidentally

broken off, and occasionally it hangs down from the

branches to the depth of several inches as loose masses,

which wave about in the wind and are sometimes blown

away on to the neighbouring trees. A cursory glance will

probably fail to detect the insects, so completely are they

concealed by the masses of down they secrete, and the

white threads will very likely be set down as a sort of

fungus. On turning it aside, however, the insects will be

discovered in the midst of the mass as yellowish or reddish,

wingless, fat-bodied, six-legged beings, of various sizes

according to age. They differ from the majority of aphides

in not possessing the two tubes which visually project from

the hinder part of the body for the secretion of the honey-

like liquid of which ants are so fond. Being deprived,

however, of that secretion, they have all the more fully

developed the power of exuding the protective cottony

mass. In speaking of this secretion as " cottony," it will

of course be understood that its appearance only, and not

its constitution, is referred to. If its real nature were to

be indicated by a name, the epithet "silky" would be
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SCALE INSECTS.
A winged male is shown above. Its single pau- of wings should be noted, and below them the hooked projections described in accompanying paper. In the

centre, below, are two females, the upper, from pear tree, distended with eggs ; the lower, from apple, after eggs have been laid. At the sides are outer and
umer views of a circular scale and a " miissel-scale." The inner view of the latter indistinctly shows shrivelled body of female above, and plainly eggs below.

Small portions of pear and apple twigs are shown between these and the female insects, with the scales of the natural size.

From a Photograph of Miss Ormerod's drawing, by Messrs. Newton, of Fleet Street.
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a more correct term, as its properties are more like those

of silk than of auy other substance.

These cottony or silky masses must be extremely useful

to the insects, both as a means of protecting them from
birds and other predatory creatures, and of assisting their

migrations, for when any of the loose masses are blown
from one tree to another there are sure to be some insects

in them, and these are thus rapidly introduced to new and
more extensive pastures from which their own imaided and
feeble powers of locomotion would have completely excluded

them. Their attacks upon apple trees are much more
serious in results than might have been anticipated from
the size of the insect. It is not merely that they abstract

a good deal of sap from the growing tree, thereby reducing

its vitality, but their punctures give rise to a diseased

condition of the wood beneath, which becomes soft, pulpy,

and swollen, so that the bark splits and exposes fresh

surfaces to attack. At the end of summer these moist

tumours dry up and thus deepen the cracks, affording both
safer anchorage and still more abundant pasturage for a

new host of destroyers.

Many remedies have been suggested against these

formidable pests. As the insects do not of their own
accord wander much, anything that cuts off the supply of

food in the spot in which they are located will be useful

;

or, again, anything that clogs up their breathing apertures,

which are at the sides of the body as usual, will prove

efficacious by suffocating them. Hence washes of some
sort or other are the best kind of remedies, and auy lotion

in which soap forms a principal ingredient seems to be the

most satisfactory in results. There is frequently a little

difficulty in applying such remedies, in consequence of the

tendency the insects exhibit to lurk iu minute crevices,

where it is difficult to get at them with any brush that is

large enough to be used where great numbers are concerned.

Fortunately, the insects soon give evidence of their presence

by the snow-white appearance of the cottony down proceed-

ing from them, and as prevention is better than cure,

especially in such a case as this, every effort should be

made, as soon as the tell-tale flecks appear, to rid the trees

of their parasites, and massacre the whole tribe before they
have time to follow the characteristic tendency of their

race, and multiply indefinitely.

A similar secretion, though iu much smaller quantity,

is formed by those aphides that live beneath the soil and
feed upon the juices of underground stems and roots. In

this case the waxy material coats their bodies as a sort of

mealy powder, and gives them the appearance of having
been dusted over with tiour. As the secretion is impervious

to moisture, it serves the insects in lieu of a waterproof

garment, and keeps them dry, notwithstanding the moistness

of their surroundings.

The same orderof insects, viz., the Homoptera, contains

yet another group in which the power of secreting silky or

waxy fibres is developed. These are a particular family of

the frog-hoppers, which are so called from their wonderful
jumping powers. The family in question is called ('i.riidir,

and its British representatives are few in number, though
two of those few are amongst our common insects. These
are called i.'i.rius iiervoftus and <.'. jiilosux. They have
brownish black bodies and four transparent glassy wings,

and the nervures of the front pair are distinctly studded
with black dots. The small head ends in a beak, which is

bent under the body in repose, and the thorax is furnished

with three longitudinal keels. The hind legs are con-

siderably longer than the other two pairs, and it is with
these that the insects perform their astonishing leaps. In
repose the fore wings are placed along the sides of the
body, and completely conceal the hind pair, so that the

Fiy. 9.— Ci.vtus /lilusiix. with cottony filaments
at tail. Magnified live diameters.

shape is something like that of a small moth at rest.

Seeing one of these insects sitting thus on a leaf, you go
to pick it up with your fingers, but just as you are about
to lay hold of it, it vanishes from sight as suddenly and as
utterly as if it had been gifted with the property of render-
ing itself invisible at will. The explanation is that it has
suddenly leapt away with a vigorous stroke of the hind
legs, aided by the wings, which are simultaneously out-
spread, and the movement is so sudden and tmexpected
tlaat it is rarely possible to tell in what direction the
creature has gone.

CixtK.': pihsu-s (Fig. 9), the smaller insect, which is not
quite half an inch in expanse of wings, is, of the two, the
more noted for

the development
of the cottony

flocks at the end
of the body. They
very strongly

suggest the idea

of a parasitic fun-

gus, and in fact

a similar struc-

t u r e in an
American species

was once described as such. This was in 1769, when
Fougeroux de Bonderoy submitted to the French Academy
a paper descriptive of insects on which plants were to

be found growing—an association of dissimilar organisms
which was a great puzzle to the older naturalists, and
led some of them to the conclusion that "the passage
and mutation of animal species into the vegetable, and
reciprocally from the vegetable to the animal," was not
merely a possibility but even a frequent occurrence

!

After having cited a number of genuine instances of fungoid
plants growing on the bodies of insects, the author proeeeds

to describe a growth on the body of one of the Cicadaria^
that particular group of insects with which we are now
specially concerned. The insect, he says, " is a native of

Cayenne, and the plant is a species of fungus, but different

from those we have described. It is formed of long and
silky filaments, which cover the whole body of the insect,

and project about seven to eight lines above and below the

belly of the animal." But from the figure that accompanies
the description, it is evident that what he had before him
was nothing more than filamentous exudations similar to

those of our own ''. ^'(/"vh.s-, though on a rather larger

scale. Many other exotic species of this order, especially

those belonging to the group of " lantern-Hies," produce
large masses of similar white tufts and threads, which
cover more or less of their bodies, and give them a mouldy
appearance. (To be continued.)

LIQUID AIR.

By J. .J. Stew^vkt, B.A.Cantab., B.Sc.Lond.

IT
is a familiar fact to all that some substances can be

obtained in the varying forms of solid, liquid and
gas ; but many substances come under our notice

only when occupying one of these states. When
granite is mentioned we at once think of a hard,

solid rock ; few people have seen granite in a liquid state.

Again, the name merciuy calls to our mind the well-known
liquid metal. So there are numerous gases and vapours

which are known to us only under this somewhat impal-

pable and less tangible form. Amongst the substances

familiarly known to us, however, there are a large number
which, through the action of heat upon them, can be
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readily changed into a fluid and then into a vaporous state.

Perhaps the best known of all is water, though even tliis

in hot climates is rarely seen in the there uncommon solid

form ; so that the African chief, who had accepted many
statements from his European visitor, utterly refused to

believe him when he was told that, owing to the intense

cold in some countries, rivers got hard enough to be walked
over.

Lately, in many text-books of science, gases were divided

into two classes—those which could be liquefied by the

application of cold, or pressure, or both, and those which
TfieTe permanent, or were known to us only in the form of

gases. It was suspected by scientific men, especially after

the extensive experiments by Faraday, who succeeded in

liquefying many of the "permanent" gases, that all gases

without exception could be changed into the liquid form
if they were exposed to a sufficiently great pressure and at

the same time cooled down far enough. This surmise has
been proved correct only within comparatively late years,

and now all gases, including the air we breathe, must be

considered as differing from vapours, such as steam, only

because at the usual temperatures at which we generally

deal with them they are in a condition similar to that

which other substances attain when heated to a very high

temperature.

I propose to give a short account of the work hitherto

done in the liquefaction of gases, commencing with that

so ably carried out by that unsurpassed experimenter
Michael Faraday, and going on to refer to the researches

commenced by Eaoul Pictet and by Caillelet in France,
who, about the same time (1877), succeeded in liquefying

oxygen and even hydrogen. These researches were pur-

sued by Wroblewski and Olzewski in Russia, and have
been continued lately in our own country by Prof. Pewar,
who, with such striking success, has liquefied air in large

quantities, and has even handed it about in pint bottles

for inspection by a large audience.

There are two means open to us of liquefying a vapour.

Let us increase the pressure upon it, or lower its tempera-
ture, and if we proceed far enough in these operations the

vapour will become liquid. A further condition is neces-

sary with the " permanent " gases—we must cool them
down below their critical temperature. This critical tem-
perature is that above which no amount of pressure applied

to the gas will be capable of changing its state into that

of a liquid.

Faraday, in his series of experiments, applied the simple
but effective means of generating the gas, in a strong glass

tube, from those compounds which evolved the required

gas on heating. In this way the gas, being produced in

a limited space, produced a great pressure, under which
pressure of its own vapour the gas became a liquid. On
breaking the tube the gas, compelled by pressure to exist

as a liquid, would revert to the form natural to it at the

temperature of the experiment, and would do this with
explosive violence. There was thus always a tendency for

the gas to burst the tube, and this sometimes occurred
during Faraday's experiments. Hence he was careful to wear
a mask made from wire gauze or thick glass, but even thus
he did not entirely escape injury. Faraday immersed one
end of his tube in a freezing mixture while the other was
exposed to heat. In this way he succeeded in liquefying a
large number of gases, and examined their properties while
in this unusual state. Amongst the gases so treated were
the following :—carbonic acid, hydrochloric acid, sulphur
dioxide, cyanogen, ammonia, and chlorine. He carried

out his first set of experiments on this subject m the year
1823. Later, in the year 1845, after Thilorier had shown
bow carbonic acid gas could be obtained in the liquid form

on a large scale, and also as a solid, Faraday used the

solid carbonic acid mixed with ether, and by means of

the cold produced by the evaporation of the mixture

he reduced the temperature to about —100° Cent., and
obtained most of the above-mentioned gases, and also

nitrous oxide, not only in a liquid but also Ln a solid

state. Hydrochloric acid, hydrogen arsenide, ethylene,

silicon fluoride, boron fluoride, and chlorine he at this time
managed to get in the liquid form, but was unable to

solidity these substances. The gases hydrogen, oxygen,
nitrogen, nitric acid, carbon monoxide, and marsh gas
resisted all Faraday's attempts to liquefy them, and it was
not until more than thirty years later that these substances

were condensed.

Andrews, by his classical researches on the critical point

of gases and vapours, and especially by his thorough
investigation of the behaviour of carbon dioxide when
exposed to great pressure at varying temperatures, paved
the way for future work on the liquefaction of gases, and
showed that great pressure of itself was not sufficient to

cause a gas to turn into a liquid, but that a certain

limiting temperature must be passed in cooling down the

gas before it can by any amount of pressure be liquefied.

Thus above this limiting or critical temperature, which is

different for each gas, it may be called truly permanent,
while below this temperature the gas is liquefiable if only
enough pressure is applied to it, and the gas may then be
described as a vapour.

When substances evaporate or change from the liquid to

the gaseous state, a large amount of heat disappears or

becomes latent, and is used up in separating the molecules
of the liquid farther apart and giving them increased

energy of motion. On account of this disappearance

of heat during evaporation great degrees of cold may
be produced, and it was by this means that Pictet in

1877 obtained a temperature of — 140° Cent., and obtained
oxygen in the liquid state. He cooled liquid carbon dioxide

by surrounding it with liquid sulphurous acid, kept boiling

in a vacuum, and got a still greater degree of cold by then
allowing the liquid carbonic acid to evaporate rapidly in

an exhausted space. The oxygen was generated in the

usual way from potassium chlorate, a salt which splits up
and gives off' oxygen gas when it is heated ; but the gas

was produced in a strong iron retort, so that by means of

its own pressure alone the gas was compressed by a force

several hundred times greater than that of the ordinary

pressure of the atmosphere.

The method adopted by M. Pictet is the same in prin-

ciple as that employed by Faraday. The gas is generated

in a closed vessel capable of standing a great pressure, and
it is condensed by being simultaneously exposed to great

cold and to the pressure of the gas itself, forced to occupy
a very small space. In Pictet's original experiment he
obtained a temperature of —130° Cent., at which tempera-

ture oxygen is liquefied, when the pressure is raised to

two hundred and seventy-three atmospheres.

While Pictet was continuing his experiments and
endeavouring to liquefy the hitherto permanent gases, the

same subject was being investigated by Cailletet, and it

was on the same day, the 24th December, 1877, that the

French Academy was informed of the success of both these

experimenters in liquefying oxygen. Cailletet attained

his object by exposing the gas to enormous pressure,

produced by means of a hydraulic press, while at the same
time the temperature was lowered by suddenly allowing

the gas to expand. In this way a sudden disappearance of

heat takes place, the heat energy becoming transformed

into mechanical motion of the particles of the expanding
gas. In Cailletet's apparatus the pressure was produced
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by a steel piston working in a cylinder, the hydraulic

cylinder being tilled with water. The gas was contained

in a capillary glass tube with small bore and thick walls

which could support the strong pressure required. The glass

tube containing the gas was connected to the hydraulic

pump by means of a flexible metallic tube. Cailletet

worked with small quantities of gas, while Pictet, by
means of his machinery, was able to obtain relatively large

quantities of the various liquefied gases.

The results got were only obtained after years of

preparation and endeavour by both experimenters,

working quite separately and independently. Cailletet

made use of the skill and knowledge obtained by him in

the prosecution of his business of an ironmaster at his

works at Chatillon-sur-Seine ; while Raoul Pictet carried

on his experiments at Geneva, where he was engaged as

a manufacturer of ice-making machinery.
Cailletet's apparatus is singularly simple and effective,

and by it he also obtained liquid hydrogen, which appeared
as a mist on the inside of his tube when the great pres-

sure to which the gas was subjected was suddenly relieved,

and heat thus suddenly absorbed. Hydrogen was thus

liquefied into globules of mist on the glass when the pres-

sure of three hundred atmospheres was suddenly removed,
while air previously carefully dried changed into a liquid

under a pressure two hundi-ed times that of the atmosphere
after it was cooled by means of liquid nitrous oxide. This
is what happens in Cailletet's experiment : the gas, first of

all cooled on account of its quick expansion, descends m
temperature below its critical point, and then becomes
liquid under the moderate pressure to which it is then
ex250sed. But as expansion and relief of pressure con-

tinues, the liquid is soon under too little pressure to remain
in this condition, and besides by conduction from surround-

ing objects heating occurs, so that the liquefied gas soon

evaporates and the mist produced is fugitive ; this is

especially so in the case of hydrogen.

MM. Wroblewski and Olzewski have carried out many
experiments, using an apparatus similar to Cailletet's. At
— 136° Cent, a pressure of twenty atmospheres sufficed to

liquefy oxygen, and the critical temperature of this gas is

placed at —112° Cent., that is, it must be cooled at least as

far as this before liquefaction can take place. The critical

temperature of nitrogen is found to be still lower than this,

being - 147° Cent., or - 223°Fahr.
On Friday evening, .June 2Gth, 1891, at the Pioyal Insti-

tution, the audience saw liquid oxygen in large quantities

freely drawn off' from the refrigerating apparatus, and
having all the appearance of hot water, with a vaporous

cloud above it. In reality the oxygen was boiling at a

temperature of - 290° Fahr. — i.e., 328° below freezing

point, and the apparent vapour consisted of ice particles

produced from the moisture of the surrounding air, cooled

from the contact of the chilled gas. On filtering the liquid

oxygen, to get rid of the minute particles of solid carbonic

acid scattered through it, it was seen to consist of a blue

limpid liquid not unlike water. It would naturally be expected

that the liquefied gas, when placed in an open vessel in a

room at the ordinary pressure and temperature, would with

great rapidity, and even violence, hasten to take the gaseous

form. But this was not the case ; the liquid oxygen evaporated

but slowly, and retained its liquid form for a considerable

time, although it was only under the usual atmospheric pres-

sure. When a few drops of the liquid were thrown into

water, the eft'ect was like that of plunging red-hot iron into a

liquid ; a fizzling noise was produced, and soon the globules

of liquid oxygen were seen each floating about in a little

cup of ice formed from the surrounding water. By means
of the remarkably cold fluid, alcohol, which remains liquid

in even the severest Arctic climate, was quickly frozen into

solid lumps ; the solidifying temperature for alcohol being
-130° Cent.

The efi'ect of cold in rendering sluggish and inert sub-

stances which are usually chemically active is strikingly

seen in the case of cooled oxygen. At ordinary
temperatures oxygen gas has a great affinity for phos-
phorus, and combines readily with it, producing vigorous
combustion with much heat, and light clouds of the solid

phosphorus oxide being formed. But a piece of phosphorus
when placed in liquid oxygen remains undisturbed ; no
combination takes place.

By means of liquid oxygen, nitrogen may be liquefied.

Advantage is taken of the fact that liquid oxygen, when
placed in vacuo, boils at a lower temperature than when
under the ordinary pressure. A temperature of 328° Fahr.
can thus be obtained, at which both nitrogen and atmos-
pheric air can be liquefied. During the process of

liquefaction of air, the two gases of which it is made up
become liquid together, but when the temperature is

allowed to rise they evaporate separately. The nitrogen,

though more difficult to liquefy, comes off as a gas first,

leaving almost pure oxygen behind.

Prof. Dewar has also solidified air as well as nitrogen by
employing powerful pneumatic apparatus. Pure oxygen has
itself never been obtained in the solid form. In order to obtain

a succession of lower and lower temperatures, the various

liquefied gases are caused to boil in a vacuum. Thus, the

more easily liquefiable gases are made use of to abstract

heat on their evaporation from those more difficult to

liquefy. When these latter are made to boil in vacuo a

still lower temperature is attained, and by successive steps

a reading on the thermometer as low as —211° Cent, (or

—346° Fahr.) has been reached. At these low temperatures
experiments of an interesting character have been made on
the electrical behaviour of metals, and their electrical

resistance has been determined.

On boiling successively in vacuo carbonic acid, nitrous

oxide, and ethylene, using the first to take away by their

evaporation heat from the gases which are more difficult to

Uquefy, a temperature of—229° Fahr. is reached, at which
oxygen can be liquefied under a pressure of fifteen hundred
pounds per square inch. The rapid evaporation of oxygen in

vacuo so quickly removes heat from surrounding sub-

stances that air and nitrogen are soon liquefied, and these,

when treated under powerful air pumps, abstract sufficient

heat to allow of the production of solid nitrogen. This last

experiment was successfully carried out for the first time
in public on January 19th, 1894.

THE MAN-LIKE APES.
By E. Lydekkek, B.A.Cantab., F.E.S.

THROUGH the generosity of the Board of Governors

of the Cheltenham Hospital, the Natural History

Branch of the British Museum has been recently

enriched by a specimen of great historical interest

in the shape of the skeleton of a young chimpanzee

from Angola, which was dissected and minutely described

so far back as 1699, by Dr. Edward Tyson, in a rare work
entitled " Orang-Outang, sii-e Homo Sylvestris," a copy of

the volume being appropriately placed alongside of the

skeleton in one of the bays on the left side of the great

entrance hall. The work in question is the first account

of a member of the group of man-like apes having any
pretension to scientific accuracy ; and the acquisition by

the Museum of the skeleton and the volume in which it is

described may well serve as the text for a short account of

the man-like apes in general.
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That these apes are our nearest cousins is probably

well known to all our readers : but the degree and extent

of this relationship, as well as the characters by which it

is displayed, are probably far less familiar to many of

them. In the first place it will be noticed

that we speak of this relationship as one of

cousinship, and not of ancestry ; and it is well

that the reader should at once free himself
from any idea that there is any vestige of

direct ancestral kinship between these, for the
most part, hideous creatures and himself.
Such relationship as does exist—and we cannot
but believe that such there is— is of a compara-
tively distant kind ; and the common ancestor
must have lived ages before the mammoth
roamed over the plains and valleys of England,
since at that date man was as distinctly differ-

entiated from the apes as he is in the present
century. Whether this " missing link '' will

ever turn up, or in what country it is most
likely to have lived, are questions impossible to

answer ; but from the extreme rarity with
which fossil remains of man-like apes are found
in countries where they are known to have
existed for long ages, and from the probability
that the disti-ibutional area of the aforesaid
" link " was extremely limited, we cannot give
much hope that the researches of palwontolo-
gists will ever be rewarded by such a " find."

From their large bodily size, coupled with
that terrible caricature of the human face
and form characterizing the more typical re-

presentatives of the man-like apes, no one
would have any difficulty in picking out these
creatures from among their lower relatives.

There might, however, be some hesitation with
regard to the long-armed gibbons, a specimen
of which is represented in our third full page
illustration ; and we, therefore, proceed at

once to point out how the members of the
man-like group may be distinguished as a

whole from other monkeys.
We presume, in the first place, that all

our readers are aware that apes, monkeys, and
lemurs constitute one great mammalian order
—the Primates ; and likewise that lemurs differ

from apes and monkeys by their long fox-like faces and
immobile expression, to say nothing of many anatomical
peculiarities into the consideration of which it will be

unnecessary to enter on this occasion. Possibly we shall

be presuming too much as to the extent of their zoological

knowledge if we also assume that they are acquainted with
the difference between the apes and monkeys of the Old
World and the monkeys of the New ; and it is accordingly
advisable to make this clear at starting. The whole
of the Old World representatives of the division of the

order to which we are confining our attention are

characterized by having teeth agreeing both in number
and aiTangement with those of man. Thus in all cases

in each jaw there are two pairs of incisors, a single pair of

eye-teeth, tusks, or canines, and five pairs of cheek-teeth,
of which the last, or " wisdom-tooth," is frequently very
late in making its appearance, as shown in the accompany-
ing figure of the lower jaw of an immature chimpanzee, in

which it is still imbedded in a cavity in the bone, the top
of which is open. It is further essential to observe that
of these five cheek-teeth the first two on each side are

simpler than the three hinder ones, and are preceded in the

infant by milk-teeth, whereas the latter have no such

predecessors. It is accordingly the custom to call

the two simpler teeth premolars or bicuspids, and the
three more complex ones molars. If now, we examine an
ordinary American monkey, we shall find six cheek-teeth

Lowoi- jaw of au immature Chimpanzee, with the "wisdom-tooth" still concealed
in its socket.

on each side of both the upper and lower jaws, of which
half are premolars and half molars, while in the marmosets,

which constitute a second American family, although the

total number of cheek-teeth is the same as in the Old
World forms, yet the proportion is different, there being

three premolars and two molars. It may, therefore, be

concisely stated that all American monkeys differ from
their Old World cousins in having three instead of two pairs

of premolar teeth, whence it may be inferred that they

belong to a lower and more generalized type, there being a

universal tendency throughout the higher vertebrates to a

diminution, or disappearance of the teeth with the advance

of specialization. In the marmosets the loss of the last

molar is unique in the higher division of the order, and is

indeed a somewhat remarkable peculiarity to occur in a

herbivorous mammal, among which the reduction is usually

confined to the front and premolar teeth.

As the teeth serve most readily to differentiate the

Old World monkeys from their American allies, so the

man-like apes are sharply distinguished from their relatives

by the conformation of these organs. As shown in the

accompanying figure of the lower jaw of the chimpanzee,

the molar teeth of the man-like apes closely resemble our
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ONE OF THE GIBBONS, OR SMALLER MAN-LIKE APES.

Frora'a Specimen in the Zoological Society's Gardens.

The extreme length of the arms, char,.aoter.stic of the genus, is well dxsplayed, whUe this species also shows the white ring round the face distinctive

of some G-ibbons.
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own, Lavirg the angles of their crowns rounded oflf, and
carrying on their grinding-surfaces four very blunt

tubercles, placed alternately to one another, as well as a

somewhat Eiaaller tubercle at the hinder end. On the

other hand, in the monkeys the molar teeth are obkng in

form, and carry four very prominent tubercles arranged in

pairs at the two extremities of each, and each pair being

connected so as to foim a couple of more or less well-

defined transverse ridges extending right acioss the

crown. Then, again, whereas in tie man-like apes the

last molar, or " wisdom-tooth," in the lower jaw is similar

in form to the two teeth in front of it, in the great majority

of the Old World monkeys this tooth has a large projecting

heel at its hinder end. These dental chaiacters afl'oid

very important evidence of the close kinship of the man-like

apes to man himself, and undoubtedly outweigh the

difference in the foim of the whole dental seiies now to be

noticed, which is largely due to adaptaticn. In both the

upper and lower jaws of man, the teeth, as we all know,
are arranged in a regular horseshoe series, with scarcely

any interruption to the continuity by the tusks, which are

but little taller than the other members of the series.

In the adults (and especially the males of the larger

species) of the man-like apes the cheek-teeth are arranged

in a nearly straight line, and form a more or less

angulated junction with the line of the incisors ; the

Side Tiew of the head of " Jennv,' tlie Chimpanzee, in the Zoologieal Q-ardeiis.

Mr. BiUivard.

the two
in con-

resemble
a young

large tusks occupying the angle between
series, and thus forming a marked break
tinuity. In these respects the man -like apes
their inferior kindred. If, however, we take _, _, ^
individual of the larger anthropoids, and especially the
chimpanzee, it will be found (as shown in our illus-

tration) that the teeth, owing partly to the imperfect
protrusion of the tusks, form a much less interrupted and
more regularly curved series. Indeed, with the exception

that the whole jaw is longer and narrower, and the

partially protruded tusks are proportionately larger, the

characters of the figured specimen make a very marked
approximation to the human type ; and the jaw of a

chimpanzee at this stage may be regarded as almost

intermediate in structure between that of man and that

of an adult male gorilla. Moreover, in this juvenile state

the bony union of the two branches of the lower jaw
partakes of the short and rounded form characterizing

that of man ; whereas in the adult it becomes longer and
more deeply channelled, like that of the lower monkeys.

In many respects the teeth and jaws of the gibbons, or

smallest representatives of the group under consideration,

conform to the inteimediate type. Not cnly aie the

human characteristics most developed in the teeth and
jaws of the young of the larger man-like apes and the

gibbous at all ages, but the ssme is tiue with regard

to (he skull of the foimer. The skull of the young
gorilla, for instance, lacks the beetling crests over the

eyes and the prominent ridge down the middle of the

crown which give such a forbidding and repulsive aspect

to the cranium of the full-grown male. This loss

of human resemblances is due to specialization taking

two difl'erent lines in man on the one hand, and in

the larger man-like apes en the other; the development

in the one case tending to^increased size of brain, coupled

with no mai'ked in-

crease in the size of

the tusks, while in the

other the brain grows
at a less rapid rate,

and the skull and tusks

(more especially in the

male)assume characters
approximating them to

those of the inferior

animals. Both in men
and apes the young con-

dition may accordingly

be regarded as the most
generalized.

Among the other

features in which the

man - like apes ditter

from monkeys and re-

semble man, are the

absence of dilatable

pouches in the cheeks
for the storage of food,

and the total loss of the

tail, as well as the flat-

tened, instead of later-

ally compressed, form
of the breast-bone ; the

gibbons alone retain-

ing the naked patches
on the buttocks so

characteristic of the

monkeys, but only
in a much reduced

gorilla and chimpanzees further differ

of the group, and thereby re-

the so-called central bone
a nearly central position

From a photograph b}'

condition. The
from the other members
semble man alone, in the loss of

of the wrist—a bone occupying
between the upper and lower rows of small bones of which
that joint is composed. What may be the object of the
disappearance of this bone, it is not easy to say ; but the
fact that it is wanting in the two genera of apes just
mentioned is very significant of their close structural
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affinity with man. In one respect the man-like apes stand

apart both from the human and the monkey type, namely,

in the great relative length of the arms as compared with

the legs, the disproportion being most strongly mirked in

the gibbons, which are actually able to walk in the

upright posture with their bent knuckles touching the

ground.

So far, indeed, as their bodily structure is concerned,

the man-like apes seem undoubtedly more nearly related

to man than they are to the lower monkeys ; and they
constitute a family (Simiulce) by themselves, which may be

regarded as intermediate between the one {Circopithecidce),

including the lower monkeys, and that represented by
man himself. While at present, as we have said, the

"missing link'' between man and the apes is wanting,
extinct forms tend to connect the latter very closely with
the monkeys. For instance, a fossil ape (Ih-yopithecus)

fi'om the Miocene Tertiary strata of France has the bony
union between the two branches of the lower jaw much
longer than in any existing man-like ape, although it is

approached in this respect by the gorilla ; while from
the corresponding beds of Italy another extinct form
(Oreopitlu'cus) appears to be in great part intermediate
between the man-like apes and the lower monkeys. It

may be mentioned here that m the same strata in which
occur the remains of the dryopitliecuS are found flint

flakes which have been regarded as exhibiting signs of

artificial chipping, and the extinct ape in question has conse-

quently been credited with the production of these supposed
weapons. Although we have not seen these wonderful
flints, we confess ourselves to be as sceptical in regard to

their reputed manufacture as we are with respect to Prof.

Garnier's ability to understand " ape-language."
The present distribution of the anthropoid apes clearly

points to the existing species being the last survivors of a

group which was once widely spread over the Old World,
when warmer climatic conditions prevailed over what we
now call the temperate regions. The gorilla, for instance,

is confined to western equatorial Africa, where it is accom-
panied by the two species of chimpanzee,one of which ranges
eastwards across the continent as far as Uganda.
The orangs, of which there are probably two species, on

the other hand, are confined to the great islands of Sumatra
and Borneo ; while the numerous species of gibbons have
a wide range in south-eastern Asia, attaining their

maximum development in the Malayan Archipelago and
the adjacent regipns. This distribution is remarkably
discontinuous, but the little that we at present know of

the past history of the group tends somewhat to consoli-

date the scattered distributional areas of the group. One
of the most noteworthy of such palaeontological discoveries

is the fact that a chimpanzee once inhabited northern
India : while it is most probable that au orang also

was a contemporaneous dweller in the same country.

This suggests that India may have been the original

home of the larger man-like apes ; from whence the
chimpanzees and gorillas migrated south-westwards to

equatorial Africa, while the orangs travelled in an easterly

direction to find a last home in the tropical islands to

which they are now confined. This probability, that India

was the home of the larger members of the group during
the later Pliocene period, further suggests that it is on
that country we should concentrate our hopes of discovering

the "missing link" ; and it is not a little noteworthy that,

so far as the very fragmentary specimen by which alone it

is known admits of our forming a judgment, the Indian
extinct chimpanzee appaars to have approached nearer to

the human type than do its living cousins. During the I

earlier Miocene epoch, as W3 have ssen, an extinct genus I

of large man-like apes inhabited western Europe, which,
during the commencement of the Pliocene period, was
likewise the home of a species of gibbon.

Of the four existing genera of the man-like apes, the
chimpanzees (Anthropopithecit-s) are clearly those which
come nearest to man, this being especially shown by the
shortness of the bony union between the two branches of

the lower jaw, the form and mode of arrangement of the
teeth (especially in the young), the relatively small
development of the tusks of the male, the absence of the
enormous bony crests on the skull so characteristic of the
gorilla, and the slight difi'erence in the size of the two
sexes. The specimen shown in Mr. Ranyard's photographs
is a female recently acquired by the Zoological Society,

whose amiable disposition and general intelligence promise
to make her almost as popular as the deceased " Sally."

The chimpanzees and the gorilla alone resemble
man in having seventeen vertebrs between the neck and
the sacrum, and likewise in the absence of the central bone
in the wrist, although they difi'er in the comparatively
unimportant feature of possessing an additional pair of

ribs. In addition to the characters already mentioned, the
gorilla (iinriUa) differs from the chimpanzee in the more
oval contour of its brain, thereby approximating more
nearly to the human type.

The reduction of the number of vertebras between the
neck and the sacrum to sixteen, together with the retention

of the central bone in the wrist, the great length of the
arms, which in the upright posture reach to the ankles,

and the peculiar upward prolongation of the vertex of the
skull, serve at once to show that the orangs {Simin) stand
on a lower evolutionary platform than either of the
preceding representatives of the family. Externally they
are further distinguished by the rudimentary condition of
the great toe, the peculiarly flattened form of the almost
disc-like leaden-hued face of the adult, and the red tinge of

the long and shaggy hair, the latter being in marked
contrast to the black hue of the gorilla and chimpanzees.
Although in possessing only a dozen pairs of ribs the

orangs differ from both the latter and resemble man, yet
this resemblance is greatly outweighed by the difference in

the number of the vertebra;.

Agreeing with the orangs and the lower monkeys in the
presence of a central bone in the wrist, the gibbons
( Ilylohatts) make a further approximation to the latter in

the retention of small naked callosities on the buttocks
;

while they are likewise distinguished by their small size,

and the inordinate length of their arms, which, as already
said, admit of the bent wrist being applied to the grotmd
when the animals are walking in the upright posture.

.\nother characteristic of the gibbons is the smooth
contour and relatively large size of the brain-case of the
skuU, which gives them a more human-like physiognomy
than the adults of their larger relatives ; this does not,

however, by any means imply that the brain-power of

these creatures is greater, but is merely due to the
circumstance that in any group of animals the relative

size of the brain is necessarily larger in the smaller forms.

In colour, gibbons are subject to considerable variation,

the Hainan species being uniformly black, Miiller's gibbon
brownish-black and grey, with a whitish circle round the
face ; while the silver gibbon takes its name from the
uniformly silver-grey hue of its pelage. Gibbons are the

only apes which habitually walk in the upright position,

and although they frequently aid themselves by applying
the hands to the ground, they often while walking clasp

them together at the back of the head. In addition to

this peculiarity, these creatures are remarkable for the

extrem3 agility of their movements, and their loud
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unearthly cries, which resound morning and evening
through the forests frequented by these animals, and in

imitation of which the hoolock of Assam and Burma takes

its name. Although the confined limits of a cage in the

Zoological Gardens are far from favourable for displaying

the marvellous rapidity of the movements of these

creatures—so rapid indeed that birds on the wing are not
unfrequently captured—yet the specimen which has been
photographed so excellently by Mr. Eanyard indulges in

the most frolicsome antics among the ropes and branches
placed in its cage, to the manifest delight of all spectators.

Equally well marked is the delicacy of touch possessed by
the gibbons : this being shown when they amuse them-
selves by playing with spiders, which they allow to descend
by spinning a thread attached to a finger, and then
suddenly jerking them back into their hands, when the
unfortunate performers are devoured with much apparent
gusto.

THE DEFINING POWER OF INSECTS' EYES.

By A. C. Eanyard.

THE exquisite minute details which the microscope

so frequently reveals to us, on examining insects

and the minute objects by which they are habitu-

ally surrounded, might lead one to suppose that

insects can see and appreciate much smaller things

than are visible to the eye of man ; but though wa know
very little as to what range of sounds insects can hear, or

as to their sense of smell, and the other senses they

possess, we are able to assert pretty confidently that the

defining power of the composite eye of an insect is very

inferior to the defining power of the human eye.

A man with keen eyesight can just distinguish as

separate objects adjacent liaes or dots which are separated

by an interspace that subtends about a minute of arc.

The reader may easily try the expsriment for himself.

The lines in the shaded area in Fig. 1 are separated by
intervals of about a millimetre from the centre of one line

to the centre of the next. Seen from the distance of a

foot or fifteen inches, at which he is reading this page,

the lines are easily perceived as separate rulings, but from
the other side of the room the shading in Fig. 1 appears

of a uniform grey tint. At a
distance of three thousand four

hundred and thirty-eight milli-

metres, or about eleven feet, a
millimetre subtends an angle of

one minute. With a suitable

light a keen-sighted person will

just distinguish the separate lines

at a distance of about eleven feet.

I can only distinguish them as

separate lines at a distance of

about six feet. Hence for a keen-
sighted person, in order that two
objects may be seen as two, they

must subtend at least an angle of about one minute at the

eye. For objects which are not suitably illuminated, or for

faint stars, a still greater angular distance is necessary in

order that we may see them as distinct and separate objects.

Thus in « Lyrse, the quadruple star near Wega, the two pairs

are separated by a distance of about three minutes twenty-

seven seconds, but I only see them as an elongated pair;

and I gather from experiments I have tried with children

and elder friends that very few people see the two pairs as

separate stars, though most long-sighted people see them
as an elongated disc, and are able to point out with certainty

the direction in which the disc is most elongated.

Fig. 1.—Lines about
millimetre apart.

There is more than one reason why the limit of distinct

vision for the human eye corresponds to about one minute of

arc. The retina is a sort of tessellated pavement made up
of small organs known as rods and cones, and the spot in

the retina which we use when we fix our attention on the

examination of an object is termed the forca Intea. In

the fared there are only cones packed closely together and
separated by intervals of about four millionths of a metre,

or about half the diameter of the red corpuscles. The
optical centre of the eye lies at a distance of about a centi-

metre and a half in front of this part of the i-etina, and at

this distance four millionths of a metre, or the distance

between the centres of adjacent cones, subtends an angle

which is just a little less than one minute; hence, in order

that the images of two points of light may fall on the

corresponding parts of adjacent cones, their distance apart

must subtend an angle of about one minute as seen from

the optical centre of the eye.

There are other reasons, liowever, why the human eye

cannot perceive objects as separate objects when they are

separated by intervals of less than one minute. As has been

pointed out by Mr. -Johnstone Stoney in a very interesting

paper published by him in the Scientific Pmceediniis of the

B'lijal JJiihlin Society of 20fch December, 1893,'- the inter-

ference due to the small diameter of the pupil of the eye

causes the image of a point to be represented by a patch

or spurious diffraction disc which fixes the minimum risibile

corresponding to the diameter of the pupil.

Thus the angular diameter of the first dark ring seen

about the image of a star in a telescope, estimated from the

middle of the object-lens, is S = (1'22) ~, where A is the

wave-length of the light, and A the aperture or diameter

of the objeet-lens. If in this formula we put 6 = 1' =
•00029 in circular measure, and A = -6 of a millionth of a

metre (which is the wave-length for yellow light), we have

•00029 = (1-22) |,

which gives A = 2521 millionths of a metre, or very

Fig. 2.—Micro-pUotogriiph of the leiisus of the .compound
eye of a Water Beetle.

nearly one-tenth of an inch, as the diam3ter of the pupil

of the eye, which would give rise to a spurious disc of one

minute in angular diameter ; and when we scrutinize well-

illuminated objects, one-tenth of an inch is about the

* " Oa the Limits of Vision : with special Reference to tlie Vision

of Iniccts," by G. Johnstone Stoney, M.A., D.Sc., F.B.S., Vicc-

Preiideut Royal Dublin Society (republished in the Philosophical

Jfa</rtjine for" March, 189-i.)



July 2. 1894.] KNOWLEDGE. 15 i

diameter to which the pupil of the eye shrinks. Again,
the human eye, viewed as an optical instrument, is far

from perfect. It is not corrected for chromatic defect or

spherical aberration, and such optical imperfections affect

the sharpness of the image thrown upon the retina, and if

the texture of the retina were finer, and the diameter of

the pupil larger, they would alone fix the Hmit of the
miiiimuin risihile for human vision at not far from one
minute.

In the composite eyes of insects the retina is convex,
with a number of separate small lenses in front of it,
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Fiu. 3.—Reproduced fro jo a pliotograpli of a uarte-de-visite, taken
througli the lenses of the multiple eye of a Water Beetle.

while in the eyes of vertebrates the retina is concave, with

one lens which serves for the whole retina. At last year's

meeting of the British Association at Nottingham, the

president mentioned in his opening address that the image
formed by the compound eye of an insect had been photo-

graphed.

By the kindness of Dr. Spitta I am able to exhibit such
a photograph to the readers of Knowledge. Fig. 2 is the

micro -photograph of a part of the compound eye of a

water beetle {lii/xtuus muniiti'dts), showing the lenses

slightly pressed between a microscope slide and a thin

cover, so that each of the little lenses is slightly flattened

or depressed at its centre, and Fig. 3 shows the multiple

image of a photograph as seen through the above mosaic
of hexagonal lenses.

By the kindness of Mr. Gerard Smith, M.K.C.S.,
I am also enabled to reproduce, for the benefit of our

readers, a micro-photograph of the section of the eye

of a large fly (Ei-yxtalis tena.v), Fig. 4, which Mr. Smith
his very beautifully mounted and photographed. In
describing the photograph, Mr. Smith says the little

lenses of the cornea can be made out on the surface with

a few protective hairs ; each facet forms the base of a tiny

cone—the points or apices of all these cones are towards

the interior of the eye ; each cone is lined with pigment in

such a way that only a microscopic passage is left clear in

the centre, through which a ray of light can penetrate

and affect the single nerve which enters the apex of each
case. Fig. 5 is a more enlarged photograph, also made by
Mr. Gerard Smith, of a portion of the same section,

and in it the arrangement of nucleated nerve cells can be

seen forming a stratum around the lower ends of the
cones. Arouud each nerve which passes into the apex of
a cons there is a group of three large nerve cells, the
central one being apparently on the main nerve, and the
two outer ones apparently attached by short fibres to the
nervous filament along which the optical impression is

carried to the brain of the insect.

Fig. 4 shows in a very diagrammatic form the section
of a compound eye, with the lenses, which throw minute
images of the objects opposite

to them on to the blackened
sides of the conical tubes
behind them ; a nerve fila-

ment leads into the apex of

the cone, and carries the
optical impression perceived

to the insect's brain.

The simplest form of com-
posite eye would be a spherical ^'^'^' *•

shell perforated with a number of small radial holes. If a
sensitive paper were placed in contact with the inner surface
of the shell, it would be impressed with a confused picture
of surrounding objects, for the light which reaches the
bottom of any hole would be derived from objects situated
immediately in front of the hole, and the smaller and
deeper the holes the less confused would be the mosaic
picture imprinted upon the sensitive paper. Mr. A. Mallock,
in an interesting paper recently communicated to the
Eoyal Society, and printed in the February number of the
Eoyal Society's " Proceedings,' ''• has shown that a spherical
composite eye without lenses would need to have a
diameter of some sixty-nine feet in order to have a
defining power equivalent to that of the human eye,
for he shows that the diameter of the holes in the shell

should not be less than two thousand wave-lengths of
light—say one twenty-fifth of an inch—or difl'raction

would materially interfere with the result ; and in order
to give a defining power of one minute the thickness of the
shell would need to be seven thousand times one twenty-

FiG. 5.—MitTo-photograpli of a thin vertical seetioji made
through the eye of a large Fly.

fifth of an inch, or twenty-three feet. The radius of the
sensitive sphere within the shell is determined by the con-
dition that, if the picture is to be continuous, the adjacent

* " Insect Sight and the Defining Power of Composite Eyes," by
A. Mallock. Communicated by Lord Riyleigh, Secretary "of the
Royal Society.
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holes must just be in contact at the internal surface of

the shell ; that is to say, the diameter of the hole must
subtend one minute at the centre of the spherical shell,

or the sensitive surface must have a radius of eleven feet

sis inches.

If, still keeping one minute as the limit of definition,

we substitute the arrangement actually found in composite

eyes, and in place of the long tunnels in a thick shell we
use short tunnels or cones with a lens at the outer end of

each, and a diaphragm at the inner end, pierced with a

small central hole, the proportions of the eye will be

determined in the first place by the diameter of the lens

which will just define one minute, and secondly, by making
that diameter subtend one minute at the centre of the

sphere.

The size of the image of a point formed by a lens (as

seen from the optic centre of the lens) is inversely as the

diameter of the lens, and it takes a lens four inches in

diameter to define one second of arc, /.c, to separate points

KiG. ft.—Mii-i-o-photograpli made with m liigli jiohci- of \ci-lical

section through the eve of n Fl v.

one second apart ; hence the lens which will just define one

minute is /„, or 0-066 of an inch in diarneter, and the

radius at which 0066 of an inch subtends one minute is

about nineteen feet. Mr. Mallock therefore concludes that

no composite eye of practicable dimensions, acting as

supposed above, could be made to give definition even

approiching that of the human eye.

The great advantage of the composite eye to insects lies

in the fact that the closer they are to an object the better

will be their sight of it, for the greater will be the number
of lenses employed to produce the impression ; whereas in

the simple eye, the greater focal length of the lens

mconveniently limits the distance at which a distinct view

can be obtained. Insects evidently see all distant objects

in a very difi'used and badly defined manner. The
impression perceived must be something like a picture

executed in very coarse wool-work—or very rough mosaic

—

near and distant objects being equally m focus ;
and it is

only when an object is brought close to the eye, so that it

covers an area corresponding to several facets of the eye,

that its outline would be defined. Mr. Mallock has

measured the diameters of the facets and of the composite

eyes of many insects, and gives the following interesting

table in'licating the probable dpfin'no; power of their

vision. It -will be seen that the blow-fly and the dragon-

fly are keen-sighted as compared with the bees and

butterflies.
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Dr. Hickson thicks that the darkness of the deep sea is

probably relieved by the brilliant phcsphoreEcence of many
of the deep sea tjsh. If, he says, we may be allowed to

compare the light of abysmal animals with that of surface

forms, it is possible that some regions of the deep sea

may be as brightly illuminated as a European street is at

night— an illumination with many bright centres and

many dark shadows, but quite sufKcitnt for a vertebrate

eye to distinguish readily, and at a considerable distance,

form and colour.

To give an example of the extent to which the illumina-

tion due to phosphorescent organisms may reach, he

quotes Su- Wyville Thomson as stating " that on leaving

the Cape Verde Islands the sea was a perfect blaze of

phosphorescence. There was no moon, and although the

night was perfectly clear and the stars shone brightly, the

lustre of the heavens was fairly eclipsed by that of the sea.

It was easy to read the smallest print, sitting in the after

port in my cabin, the bows shed on either side rapidly

widening wedges of radiance, so vivid as to throw the sails

and rigging into distinct lights and shadows." All the

abysmal creatures have eyes, and the deep sea Crustacea

are uniformly coloured red, though the sun's light does

not give any perceptible illumination at a depth of even

two hundred fathoms. MM. Fol and Sarasiu, experiment-

ing with very sensitive bromo-gelatine plates, found that

there was no reaction after ten minutes' exposure at a

depth of four hundred metres on a sunny day in March.

At a depth of two thousand five hundred fathoms the

pressure is, roughly speaking, two and a half tons per square

inch—that is to say, several times greater than the pres-

sure exerted by the steam upon the pistons of our most

powerful engines. Every animal at the bottom of the

Atlantic Ocean lives under a pressure about twenty-five

times greater than will drive a railway train. What this

enormous pressure is may be realized by the fact that

thick glass tubes, filled with air and sealed up at either end,

are crushed to powder by the water pressure before they

reach a depth of two thousand fathoms.

Though l)r.Hickson's book contains an immense amount
of accurate information, it is comparatively light reading,

and may be confidently recommended.
Practical Photi> Mici-.n/mpln/. By Andrew Priugle,

F.R.:\I.S., &e. illiflfe and Son. London, 1894.)—Mr.
Pringle's book gives valuable practical instruction in

methods of research which are every day becoming more
and more important to biological students, as well as to

doctors and men of science generally. It does not profess

to give any history of micro-photography, or to treat

theoretically of the optical and photographic matters dealt

with, but the practical hints and suggestions to be found

on nearly every page will be welcomed by those who wish

to retain photographic records of the researches they are

engaged upon.

ON THE CHANGES OF FORM IN COMETS'
TAILS.

By A. C. Rany.vrd.

VIDENCE is very rapidly accumulating which
tends to show that the matter of a comet's tail is

(at all events in the case of small comets) driven

away from the nucleus in a very irregular and
spasmodic manner, indicating that the action

going on in the nucleus as the comet approaches the sun

is by no means quiescent and regular, but rather cor-

responds in spasmodic irregularity with the outbursts

which accompany the rapid boiling of a liquid. There

seems to be a capricious irregularity about the explosive

E

phencmena we are familiar with in the action of terres-

trial volcanoes and also in the solar chromosphere

;

possibly Euch irregularities are always obEervable when a

rapid change of physical cccditicn is going en.

Mr. H. C. Russell, the Director of the Sydrey Obseiva-

toiy, has kindly sent me seme photographs he has taken

of the Ccmet " Gale," with the accompanying series of

drawings showirg the remarkable manner in which the

tail of the comet appeared to Lim to vaiy in length ard

brightness from day to day. The presence or absence of

moonlight or hazy weather might have given lise to slight

diflerences in the apparent length of the tail, though none

actually existed, but it will not be contended that the

great changes shown in this series of drawings can be

accounted lor in any such simple manner.

Rouijh Sketches of the Tail of I

'
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iiiiet trille.'

Date.
1R91.

Diameter
of Coma.

1°

I

April 5 '

„ 23

,. 21

2'

6'

10'

,. 2H



ino KNOWLEDGE. [July 2 le9l.

but if the nebulous envelope was composed of a fog of

solid particles, each acted upon by repulsive forces from the

nucleus as well as by a repulsion from the sun, this test

for comparing the mass of the comet with the mass of the

sun fails us. Although we know from observation that in-

candescent gaseous matter generally exists round the head

of a comet, we have no evidence that the gaseous matter

forms an atmospheric envelope in equilibrium under
gravity: indeed, it seems probable, from polariscopic

observations, that a great part of the nebulous light is due
to solar light dispersed by small particles.

Through the kindness of Mr. J. N. Cobb, of Phila-

delphia, I have obtained fi-om Mr. Alfred Eordame, of Salt

Lake City, Utah, a beautiful photograph of Rordame's
comet, taken on the 13th July. Its very rapid motion
amongst the stars is evidenced by the long trails they have
left on the plate while the camera was kept following the

comet in its motion amongst the stars. It will be seen

that, as in the photograph of Brooks' comet, reproduced

in the May number, the photograph of Rordame's comet
affords ample evidence that the matter of the tail was
driven away in clouds of varying density, and that these

clouds have a structure which suggests an analogy with

solar prominence forms, and seems to indicate that the

outrushing material has suffered resistance in passing

through a resisting medium.
That these rapid changes of form and cloud-like masses

in comets' tails have only recently been noted seems to

point to the conclusion that the intermittent character of

the outflow of matter along the tail is more marked in

small comets than in the larger comets with which we
were previously familiar. It may be that the feeble gravity

that holds together the group of meteoric stones which

probably forms the nucleus of a comet, permits the form

of the group to be more easily disturbed by the ebullition

of vapour in the case of a small group than in the case of

a large group.

Thus, in the case of a small comet, fresh meteors would

continually be brought to the outer part of the swarm,

where they can be more h-eely acted upon by the sun's

radiation, and with a given evolution of vapour these

changes would take place more rapidly in a small than

in a large group of stones, where" the gravitating forces

between the various stones of the swarm are larger compared

with the gaseous repulsion due to the vapour evolved ; and

in the case of a small comet, the changes of form within

the nucleus would probably be greater, and the evolution

of vapour more irregular, with a given rise of temperature

than in the case of a large comet.

Hfttcts.

[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]

To the Editor of Knowledge.

Sii-,—In a letter in your May number (p. 116) Mr.

Skene states that he observed the zodiacal light " in day-

light, i.e., immediately after simset, of a pretty rose

colour," but I would venture to suggest that it is quite

impossible that what he saw really was the zodiacal hght

at all. Even m the tropics the zodiacal light is never

visible till at least half an hour after sunset, and even then

it can be seen only with difficulty. The mention of the

" rose-colour " suggests the probability that what was

really seen was a crepuscular ray, which would answer

vei-y well to the description given. During nearly twenty

years of careful observation of the zodiacal light I have

never been able to distinguish any trace of colour in it.

My observations, indeed, have been almost entirely made
within the tropics, where the light makes a large angle
with the horizon, but this is the most favourable condition
for seeing it in its true form and colour.

I would like to add that, whether or not there is any
connection between the intensity of the zodiacal light and
the sunspot cycle, there can be no doubt that during the
past three years the light has been more brilliant than
during several preceding years. At present the light is

very strong, and one and a half hours after sunset it can
easily be traced through an arc of from 60'^ to 70° from
the horizon. Yours truly.

The Observatory, Madras, C. Michie Smith.
30th May, 1804.

.'SATURN'S DARK RING.

To the Editor of Knowledge.
Sir,—When, at the end of 1850, the now familiar

" crape ring " of Saturn was practically simultaneously
discovered in America by Prof. Bond, of Cambridge, U.S.,
and in this country by Dawes, the question at once arose
as to whether this was, so to speak, a recent addition to
or development of the Saturnian ring system, or whether
it had merely escaped the attention of earlier observers.
When this question was first mooted, it was speedily

remembered that in the year 1838 Galle, in examining
Saturn, at Berlin, had noticed a perceptible shading off on
the inner edge of the interior bright ring, and that Encke

had, m fact, published a des-

cription of this observation,

to which at the time but
scant attention would seem
to have been paid, possibly

owing to the somewhat
vague language in which
it was couched. Nay, ten
years previously, the dusky
ring would seem to have
been perceived by the

observers in Rome, who,
however, apparently did not consider the phenomenon
worthy of record, or, at all events, of publication.

Beyond this, in the outset, no one attempted to go, and
the advocates of the recent evolution of this strange

appendage of the planet entrenched themselves behind
the authority of Sir William Herschel, who, in his

innumerable observations of Saturn, must, they contended,

have seen it at one time or another had it been then
existent, or, at all events, as visible as it subsequently

became. Further research, however, once more showed
how utterly fallacious merely negative evidence may prove,

for Chambers, in his Descriptive Astronomy, speaks of a

passage in the Pliilosophical Transactions for 1723 which
" almost leads one to infer that he (Hadley) had seen the

dusky ring, though without being able to make up his mind
what it was." Moreover, we find Hind thus expressing

himself on page 32 of Vol. XV. of the Royal Astronomical

Society's Monthhj Xotices, in connection with this question :

" I have found among Picard's observations on the ring, in

the same work, a notice of that second dark belt, traversing

the globe at the interior edge of the rings, which, with every

appearance of probability, has been identified with the

obscure ring of modern observers. M. Otto Struve alludes

to observations of this nature made early in the eighteenth

centm-y; but probably Picard's had escaped his notice. . . .

We have, therefore, reason to suspect the existence of the

obscure ring, at least as far back as 1673, notwithstanding

the negative evidence which the subsequent observations

of Sir W. Herschel and others may be considered to afford."
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But a recent attempt has been made by Mr. H. T. Vivian,

F.R.A.S., to carry this discovery still further back, and to

attribute it to Dr. Eobert Hooke, the famous first Curator

of the lioyal Society, an observation of whose he quotes

in the columns of one of your contemporaries, illustrating

it with what purports to be an accurate copy of the original

engraving in the Philosopliiral Traimactiorif: for 166().

Now this is a point of such curious historical interest that

I have taken the pains to inspect the original engraving,

which, 1 am boimd to say, I do not find to bear out Mr.

Vivian's contention. Through the kindness of my friend

Mr. C. Leeson Prince, F.E.A.S., who has taken a photo-

graph from the plate in the Philosophical Tranmctions, I

am enabled to give an accurate reproduction of it here.

Should it be rendered in these columns with the exactness

which usually distinguishes your beautiful protographic

illustrations, I think that the following facts will become
evident to the careful observer :—In the first place, the lines

representing shading between ring B and the body of the

planet will be seen to be carried uniformly across that

interval, and the apparent darkness in actual contiguity with

the globe of Saturn to have had its origin in the printing.

But, furthermore, if we are to accept this seeming difference

of tint within the ansae as an attempted delineation of the

actual dark ring, what interpretation are we to put upon
the perfectly apparent, carefully engraved, and cross-

hatched dark lune outside of the foUowimj ansa .' Did—or

did not—Hooke see an exterior dark ring in this portion

(and nothing whatever outside of the western ansa) or

what ' Surely no imprejudiced obser\er, approaching the

consideration of this question without prepossession, will

deny that this strange feature is much more definitely

shown than is that which Mr. Vivian imagines to represent

ring C. WiLLiAJi Noble.

To the Editor of Knowledge.

Sir,—In your note to my letter published in the May
number, you ask how I can distinguish between the effects

of the different concurrent circumstances which accompany
" changes of air." This is only to be done by making use

for observation of chance occasions when the usual "con-
current circumstances" are absent, and of those occasions

when the effects'of similar circumstances without changes
of air may be observed. The following is an unusually

plain example of what I refer to. Two children of my
own went into the country for three weeks in very bright

weather ; three others stayed in London, but were made
to spend the greater part of the day in a neighbouring
open space. The result was that they all got much
strengthened and bronzed, and equally so.

When one is " below par "—that is, when one's full vigour

is lessened, the lowering influence may almost always be

discovered by careful inquiry. It may be over-exertion

and too little sleep, or anxiety, or constant family cares,

or spending too much time indoors, or living in an over-

heated room or street, or cold or many other things ; but

it will be found that in those cases where the change of air

is not accompanied by relief from the injurious influence,

no good is effected. On the other hand, the benefit that is

usually obtained by " a change " may almost always be

traced by inquiry to causes much more evident than any
difference in the composition of the air. For instance, a

woman living in a stufl'y house in an ill-ventilated street is

rendered languid and oppressed by hot weather. She goes

on to a breezy common, and although the temperature of

the air there may be nearly the same, its motion about

her is much more rapid and constant, and therefore its

cooling effect much greater, and ahe gets correspondingly

braced. With " change of air," moreover, people are

ready to make changes of habits which they cannot, or

have not the force of will to make at home. Thus the

circumstances concurrent with "change of air" which

act beneficially are usually of a negative character, and

consist in the leaving behind some lowering influence.

This opinion is not in any way opposed to the fact that the

air in different places varies much in its condition (without

change in composition), and so is more or less beneficial or

detrimental in various diseases and states of constitution.

I am, Sir, yours obediently,

Tunbridge Wells, Edw. G. Gilbert, M.D.
May 29th, 1894.

[The isolated instances referred to by Dr. Gilbert can

hardly be taken as sufficient to upset the generally received

theory as to change of air. But if those who have charge

of schools or institutions would make notes of the effects

produced by change of habit on the weight and strength

of groups of individuals as compared with other

groups taking change of air, we should have something

more definite to go upon and the facts accumulated

might possibly be of great value to the community.

—

A. G. Ranyari).]

THE VENOM OF THE VIPERS.

By C. A. Mitchell, B.A.Oxon.

POISONOUS serpents are classified in two main
groups—the Coluhriim, with poisonous fangs per-

manently erected, and the Vipenna, nearly all of

which have fangs which they can erect or depress

at will. The cobra may be taken as the type of

the former, while to the latter belong the Crotalida. or

rattlesnakes, and the various species of vipers. The
Vijieridm are distinguishable from the Crotalida; in having

no pit between the eyes and the nostrils, but in many
other respects they closely resemble each other. The
chemical and physiological eft'ect of their venom is also

very similar, and presents marked differences to that of

the cobra, of which a description was given in a previous

paper.

The venom from the common viper {I'elios Bents) when
freshly obtained is a yellow, viscid licjuid which dries into

a gummy inodorous mass. As early as the beginning of

last century it had attracted the notice of scientific men,

for in 1702 we find that a book was published by Dr.

Richard Mead called ' The Mechanical Action of Poisons,"

in which he gave an account of his experiments on the

viper poison. Misled by the magnified appearance of a

drop of the venom when drying, he came to the conclusion

that the poisonous principle was due to the presence of

caustic saline salts. "These saline particles," he writes,

" were now shot out as it were into crystals of an incredible

tenuity and sharpness, with something like knots here and

there from which they seemed to proceed ; so that the

whole texture did in a manner represent a spider's web,

though infinitely finer and more minute."

This book ran through several editions and Mead's

theories were accepted until, in 1767, the Abbe Fontana,

naturalist to the Grand Duke of Tuscany, published his

classical treatise on viper poison. He proved that no salts

were present, as Mead affirmed, and brought forward

instead the suggestion that the venom was a natural gum.
He also showed that it might be swallowed with impunity

by getting his servant to make the experiment on several

occasions, the only unpleasant result being a tingling

sensation on the tongue, which lasted five or sis hours.

In 1843, Prince Lucien Bonaparte obtained an active
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principle from the venom which he called riperin or

echidnin. He also found a yellow colouring matter, a

substance soluble in alcohol, albumen, fatty matter,

chlorides, and phosphates. This riperin was a glittering,

transparent mass, containing nitrogen, which detached

itself in scales from the glass on drying, and which on

injection produced all the symptoms of viper poisoning.

Later research has shown that, as in the case of cobra

and rattlesnake poison, the venom of the viper contains

more than one albuminoid substance—a pcptcme soluble and

incoagulable in water, and a iildhulin coagulable and
insoluble.'" Dr. Winter Blyth and Dr. Guiseppe Badaloui

have independently expressed their opinion that the active

principle in the poisons of the rattlesnake and the viper

tribe is identical. Though this has not been thoroughly

settled, the similarity of the symptoms produced by the

poisons makes a close resemblance highly probable.

Five years ago Dr. Weir Mitchell published an account

of his later work on crotalus venom, from which it appears

that he has been able to separate four albuminoid bodies

—three globulins, all with difl'erent chemical reactions, and

one peptone. In the case of the cobra he was only able to

separate one ylobulin and one peptone. The amount of the

venom of the Indian viper [Daboia) at his disposal was too

small for him to prove whether it contained more than

one globulin. In the venom of the moccasin (Ancistrodon

piscivoriw), however, he found three. Whether the venom
of our own viper also contains three, as is very probable,

has yet to be determined.

The quantity of the globulins present is believed to be

of importance, as throwing some light on the different

physiological effects of the venoms of different serpents.

The crotalus poison was found to contain 2I-6 per cent.,

while in cobra venom only 1-7.5 per cent, was present.

Comparative study of the physiological effects showed that

the globulins tended to prevent the blood coagulating,

while the peptones had little power to prevent this, and
were the active agents in breaking down the tissues. The
peptone of the cobra venom also seems to have a more
decided power of producing convulsions than the rattle-

snake peptone.

These observations received corroboration from the

experiments of Brunton and Fayrer, who showed that in

the case of bites from colubrine or viperine serpents the

blood remained fluid

—

1. When a large quantity of cobra poison was injected
;

2. In the case of ^'iper bites {e.g., the Daboia Fiussellii)
;

3. Nearly always in the case of man bitten by either

;

and that the blood coagulated

—

1. When only a small quantity of the cobra venom was
injected

;

2. In the case of small animals bitten by the cobra.

It thus appears that whereas in the case of viperine

venom the blood invariably remains fluid, cobra poison

often only partially prevents coagulation, and in some cases

not at all. Another important difference is that after the

bite of a viper subsequent blood poisoning often follows,

while, should there be recovery from the first results of the

cobra venom, no such after effect is likely.

If the venoms oif the rattlesnake and the common viper

be of similar composition, the difference in the virulence

of the symptoms produced by them may be accounted for

(1) by the difference of climate, and (2) by the much
larger quantity of venom which the rattlesnake can inject.

Fontana noticed the effect of climate and atmospheric

temperature on the power of the viper, pigeons recovering

readily on certain occasions. These observations were

See Knowledge, June, 1894.

confirmed by Badaloni in 1883. On December 13th a

mouse bitten by a viper died in three-quarters of an hour.

On the 17tli, when the temperature had fallen to zero,

a mouse was placed m a cage with four vipers, which at

once attacked it, and in all it received eight bites. It

seemed prostrated for some time, but in half an hour was
as well as before. In summer a mouse bitten by a viper

succumbs in less than ten minutes. Dr. Mitchell has found

that cold weather has no effect in diminishing the power

of the poison, so that the reptile must lose its power of

secretion. The rattlesnake, too, seldom attempts to bite

in the spring, and when it does so its venom is milder.

Valentin found that confinement had a similar effect. A
large viper, after being kept for four months, could not by

any means be persuaded to bite. After its death some of

the fluid squeezed from the poison duct was found to be

almost without effect on frogs. The same happened in the

case of other vijjers.

There can be no doubt that the quantity of poison injected,

and the comparative size and strength of the animal bitten,

have much to do with the severity of the symptoms. Fontana
found that one four-thousandth of a grain was sufficient

to kill a sparrow, while six times as much was required to

kill a pigeon. Moreover, animals bitten several times by a

viper, or by more than one viper, succumbed much more
rapidly than those receiving only one bite. Small dogs

were easily killed by a single bite, while larger ones offered

much more resistance to the poison, and in many cases

recovered. Five bites from three vipers were not enough

to kill a dog weighing sixty pounds. From these results

he calculated the amount that would be necessary to kill

a man. Assuming that the average viper secreted about

two grains of the venom, he computed that it would require

the entire venom of six vipers to kill an ox and of two to

kill a man.
It has been stated that viper venom destroys the life of

plants, but the experiments of Oilman are too inconclusive

to establish his assertion ; and on the other hand. Dr.

Mitchell states that there is no reason for such a belief, as

does also the French surgeon Viaud-Grand-Marais. It is

interesting to notice in this connection that Darwin found

that the cobra venom acted as a powerful stimulant to the

protoplasm of the cells of the J>rosera.

All warm-blooded animals are susceptible to the poison,

though in difl'erent degrees. The cat offers a marked
resistance, and has been known to survive bites. Vipers

being made to bite each other, which they are very un-

willing to do, readily recover, and it has been found that

many invertebrate animals suffer no ill consequences. A
horse-leech bitten several times by a strong viper was on

the following day perfectly well. Snails and slugs also

recovered in every instance, the majority covering the

bitten part v.-ith their viscous secretion.

As in cases of cobra poisoning, the reputed remedies for

the bite of the viper are worth very little. Alcohol does

not diminish the virulence of the venom, and an alcoholic

solution acts as powerfully as the fresh poison. In 1787

the Royal Academy of Sciences of Paris caused experiments

to be made to test the efficacy of olive oil as an antidote,

and came to the conclusion that it was of no use. Potas-

sium permanganate may be of use occasionally in destroying

poison not yet absorbed. In estimating the value of an

antidote it should be borne in mind that in the case of the

more common European vipers, owing to the small quan-

tity received from a bite, the mortality is very slight, and

that therefore recoveries after the use of some special

treatment would probably have taken place as well without

it. In England it is only those of weak constitution who
have much to fear from the bite of a %dper, even in the
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hottest months. Unfortunately, the same cannot be said

of the bite of the Indian and African ^dpers, and of the

various species of American rattlesnakes.

TYPES OF FLORAL STRUCTURE.

By the Rev. Alex. S. Wilson, M.A., B.Sc.

A
FLOWER commonly consists of organs of four

different kinds, arranged in concentric circles or

whorls. The order in which these organs occur

is always the same relatively to the centre of the

flower. The carpels forming the gynrecium are

most central ; nest come the stamens composing the

andrcecium ; outside of these is the corolla, made up of

petals, invested externally by the sepals, which collectively

constitute the calyx. There is no apparent reason why
the carpels and stamens should not occasionally change
places, and an explanation of this invariable order is still a

ilcsideratwn.

A second very obvious character of flowers, which admits

of better explanation, is the prevalence of certain numbers
among the members composing the different whorls.

There is a constant recurrence of the same number of

parts in the different whorls of the same flower, and in

corresponding whorls of different flowers. The number
five is exceedingly common. Thus in the violet, with its

five sepals, five petals, and five stamens, we have an
example of a pentamerous flower. Three is another

favourite number, and of this ternary symmetry the iris,

with its three sepals, three petals, three stamens, and three

carpels, is a good instance.

By founding his classification of plants so largely upon
the number ol the floral organs, Linnteus gave prominence
to this numerical character, and, highly artificial though
it be, the Linufean system has the merit of recognizing

the fundamental importance of this feature as an index of

natural affinity.

When we study phyllotaxis, or the modes in which
leaves are arranged on stems and branches, the reason for

the prevalence of certain numbers in flowers becomes
apparent. Leaves on a plant's stem are not arranged at

random, but according to a definite law. Avery frequent

arrangement is the alternate, where they are separated

by equal spaces or internodes, and so placed that a line

drawn through the bases of successive leaves describes an
ascending spiral. This line, winding round the stem, is

known as the ijeneratiwi spiral ; the fraction of the stem's

circumference which it traverses in passing from one leaf

to the next is the anfjidar ilireriience, and the Icaf-ryde is

the portion of the generating spiral included between one
leaf and the next above it in the same vertical line.

Angular divergence is expressed by such fractions as

21 ii f> f • ^s> -ii' ^^-t wbere the denomLnator indicates

the number of leaves encountered, and the numerator the

number of revolutions round the stem made, by the

generating spiral in completing the cycle—that is, in

passing from one leaf to the next above it in the same
perpendicular line.

Frequently, though not always, the angular divergence

is the same for the stem and branches of the same plant
;

it is generally constant for the same species, and may even

be characteristic of genera and natural orders. A common
case is where the leaves are separated from each other by
one third of the circumference of the stem ; the angular

divergence in this case is ^ and the cycle includes three

leaves. A still more frequent arrangement gives an
angular divergence of § with five leaves and two turns of

the generating spiral to the cycle. Many plants, again,

produce their leaves in pairs, one on each side of the stem ;

since the vertical planes of the successive pairs commonly
cut each other at right angles, this arrangement, well

exemplified in the mint and other Labiatae, is described

as opposite and decussate. Three, four or more leaves

springing from the same node constitute a whorl or

verticil ; such a verticillate arrangement is seen in the

leaves of the wood-ruff' and other Rubiacese. The whorling

of leaves may be regarded as resulting from the suppression

of internodes at regular intervals. A shoot having three

leaves placed according to the \ arrangement would, if we
suppose its internodes to remam undeveloped, give rise to

a whorl of three leaves ; similarly a shoot with an angular

divergence of f would furnish whorls composed of five

leaves if its internodes were suppressed. Hence it is held

that each flower whorl represents a compressed leaf-cycle,

the number of its constituent parts depending on the leaf

arrangement to which it corresponds. The frequency of

the numbers 3 and 5 among the organs of the flower

becomes intelligible in view of the prevalence among
foliage leaves of the J and | arrangements.

Between phyllotaxis or leaf arrangement and floral

symmetry there is thus a very close connection, and we
might therefore be led to expect that they would always

be in agreement ; we might not unnaturally suppose, for

example, that every plant with pentamerous flowers

should have its leaves arranged on the ?- plan and vice versa.

Although this rule holds good for many plants, it is very

far from universal, and the numerous exceptions point to

the conclusion that floral organs have more frequently

retained the ancestral phyllotaxis than foliage leaves,

which in many cases seem to have departed widely from

the primitive arrangement. In other words, the hereditary

tendency asserts itself much more strongly in the arrange-

ment of the floral organs than in that of foliage ; hence

the importance assigned to tlie flower in every system of

classification.

From cases of reversion like the flowering cherry, where

the carpels are replaced by ordinary green leaves, we learn

that a flower is simply an arrested branch or leafy shoot

having its internodes undeveloped and its leaves modified

to subserve the function of reproduction. The passage

from vascular cryptogams to phanerogams mvolved, as

was shown in a previous article (Vol. XVII., p. 125), the

arrest of certain structures belonging to the seed and

pollen grain ; it now appears that in the formation of the

flower we have a further illustration of arrested develop-

ment.
Excluding the Coniferae and their allies, which are

gymnospermous, aO flowering plants have their seeds

protected by closed carpels, and are on this account

designated angiosperms. Plants embraced under this

designation are either monocotyledons or dicotyledons, as

the two great classes are called into which angiosperms

are divided. To which of these classes a plant belongs

can easily be ascertained from its flowers. Each whorl in

the flower of a monocotyledon consists of three parts, or of

a number which is a multiple of three. The flower of a

dicotyledon, on the other hand, is made up of whorls each

commonly composed of five parts, or a multiple of five

;

less frequently, as in the fuchsia and waU-flower, of four,

or a mifltiple of four. Besides this distinction, there is a

difl'erence in their floral envelopes ; a monocotyledon has

the sepals and petals alike—thus in the tulip both whorls

of the perianth are coloured or petaloid. Dicotyledons,

agam, have the sepals mostly green, the petals alone

being gaily coloured. The two classes are farther

distinguished by the characters of their vegetative organs
;

monocotyledons have parallel-veined leaves, endogenous
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stems and endorhizal roots ; the leaves of dicotyledons are

net-veined, their stems exogenous, and their roots usually

develop in exorhizal fashion. The tirst leaves of the

dicotyledonous embryo arise in a whorl—they are the two
opposite cotyledons ; the subsequently-formed leaves may
arise either in pairs or verticils, but far more frequently

they follow the I arrangement. There is but one cotyle-

donary leaf on the embryo of a monocotyledon ; in

succeeding leaves the ^ phyllotaxis prevails, though i is

not uncommon.

e

I, Monoiotvledonoiis Type.

V^. C CD S>^

II. Dii'oh ledonous Tvpc.

The persistence of these characters points to an early

separation of the primitive angiosperms into two well-

defined groups having their leaves differently arranged.

Although monocotyledons appear first in the geological

series, it is by no means certain that they represent the

earlier type. Pentamerous and trimerous flowers may
have arisen independently after the separation of the two
families, but the leaf systems they respectively represent

should at least admit of reference to a common origin.

The opposite and decussate arrangement some botanists,

with good reason, regard as primary for dicotyledons

;

from it the | and all other divergences occurring in this

class can easily be deduced. The two opposite cotyledons

favour this view, and the passage from the opposite to the

1^ arrangement may be actually observed in the artichoke,

willow-herb and other rapidly- growing plants. The
^ type does not admit of direct derivation from opposite

leaves, and this Heuslow gives as the reason why it is

never found among the foliage of dicotyledons ; the

3-merous symmetry of such exceptional flowers as Birbciis

he regards as due to the breaking up of a high continuous

spiral into groups of threes. The ^ arrangement so

characteristic of monocotyledons may have come from the

opposite type in this indirect way, through an -^\ or more
complex cycle ; but it is much more probable that it arose

by symmetrical decrease. A hint of what was, perhaps,

the condition in the common ancestral form is furnished

by the herb paris, belonging to a family which has the

closest relations with the Liliacese. The flowers of Paris

ijuailrifnlio are 4-merous ; its leaves are reticulated and
arranged in a whorl of four. We have in this undoubted
monocotyledon a combination of monocotyledonous and
dicotyledonous characters with a phyllotaxis closely approxi-

mating to what in all probability was the primitive type in

dicotyledons. It should not be forgotten, however, that

in the phyllotaxis of fossil cryptogams and gymnosperms
much diversity is found.

In diagrams I. and II. the whorls are shown alternating
;

this is their normal position. Now since foliage leaves

develop in acropetal succession— that is, from below up-

wards—the floral organs ought theoretically to do the

same ; but if they followed the strictly spiral succession,

the whorls would not be alternate, but superposed. To
account for the alternation we must therefore assume that

each whorl as a whole has shifted its position, the dis-

placement being equivalent to the rotation of a floral axis

through half the angular divergence. The angular
divergence itself is observed to change in some flowers :

in aconite, for example, from f in the calyx to J and

T/r in the corolla and andrneeium. One or two of the

Ranmiculaccte, such as Gandrlla and Helleborus, have the

petals superposed to the sepals in strict accordance with
spiral phyllotaxis, but this is rare in the floral envelopes.

Where the andrn'cium consists of numerous stamens,
these are frequently arranged in a spiral manner, giving

rise to superposed whorls. The sepals and petals of the

buttercup arise in alternate whorls, but the stamens and
carpels develop in spiral fashion like ordinary leaves. To
this condition the name hemicyclic has been given. In the

water-lily order, Nymphaceff, all parts of the flower follow

the spiral order ; this condition also occurs in the camellia,

in the Magnoliacea' and Calycanthacefe, and is approached
by several of the Ranuuculaceff. A significant fact in

connection with the simplicity of the flower of the water-

lily is the circumstance that, notwithstanding its truly

dicotyledonous embryo,the root-stock shows the endogenous
structure of the monocotyledonous stem.

Considerations like the foregoing make it clear that

acyclic flowers, or those whose parts form a continuous
spiral, represent a primitive type, upon which the hemi-
cyclic condition of the buttercixp is a slight advance. The
passage from these to the regular alternating whorls of the

eucyclic class involves a modification of the phyllotaxis for

each succeeding whorl. Under the term cyclic are included

all flowers whose parts occur in whorls, but some confusion

has arisen from a lax use of the latter term. Some
writers call any set of leaf organs a whorl which arise on
the same horizontal zone of the axis

—

i.e., which are pro-

duced at the same height, or what amounts to the same
thing, at equal distances from the growing point ; others

restrict the term to circles in which the parts appear
simultaneously. Sepals, as a rule, arise in succession

;

petals, for the most part, simultaneously. The calyx of

the rose illustrates this successive character ; its outer-

most and oldest sepal has fringes on both its edges which
are free ; so has the second sepal, which is placed at an
angle of 144° to the first

—

i.e., with a divergence of |, . At
an equal distance from the second stands No. 3, fringed on
its outer edge only ; No. 4 is similar, while No. 5, which
completes the cycle, has no fringes, both its edges being

overlapped by the other sepals. A corresponding order

can often be traced even in the corolla—in the butterfly

blossoms of Leguminosae, for example, the large standard

petal begins the leaf cycle, one of the keel petals com-
pleting it ; and generally the ;estivation of the flower

—

that IS, the manner m which its parts are disposed in the

bud before expansion—admits of explanation on the prin-

ciples of phyllotaxis. The two examples just given

illustrate respectively the quincuntial and vexillary modes
of iestivation. As early stages in the evolution of the

blossom, then, we have to note ; I. The spiral arrange-

ment of the floral organs. II. Whorls due to the arrest

of the internodes of the floral axis. III. Alternation, or

a change in the orientation of each whorl disturbing

the spiral order ; and IV. Simultaneous whorls with

synchronous development of parts, which still further

obscures the original phyllotaxis.

NATURE'S PROTEST AGAINST CHANGE.

By Vaughan Coknish, M.Sc, F.C.S.

THE two great laws of conservation—the law of con-

servation of mass and the law of conservation of

energy—have familiarized the educated world with

the doctrine that in Nature nothing is lost. The
form of matter changes, but the quantity remains

unaltered ; the form of energy changes, but its
'

' mechanical



July 2, 1894.] KNOWLEDGE. 1G5

equivalent " is constant—that is to say, tlie amount of

mechanical effect it would produce if the energy were
all converted into the motion of a mass of matter. In

Nature nothing is lost ! Surely no dictum of science was
ever more contrary to the voice of common sense—that is

to say, the sense of what is reasonable derived from the

ordinary experience of life.

Let us take first the law of conservation of mass. It has
been the common experience of mankind for ages that

solid fuel burns away, producing a certain amount of

smoke and leaving a little ash behind, no other substance

being formed in the burning. There is nothing else

produced which is either visible, tangible, or, as far as

common experience goes, ])onderable. Common experience

failed to afford an insight into the changes in the forms
of matter which happen during burning. Lavoisier's

FJ.rpt'i'iences {vide Knowledcje, February, 1892) corrected

common sense in this, and we now say that in chemical
changes no matter is destroyed. Common experience tells

us, however, that things have a tendency to wear out and
get used up—iron rusts, for instance, and soil loses its

fertility. Later chemical research has confirmed this

common experience, and shows that the general tendency
of chemical changes is to the production of material

less capable of reacting chemically, and therefore less

available for the work of the world. The carbon chemi-
cally combined in plants is still capable of burning, and as

a constituent of vegetable food is converted by animals into

carbonic acid. Certainly no carbon has been annihilated,

but when it has got to the final form of carbonic acid

there is little more that carbon can do. If it is not lost,

it is at all events pretty securely locked up. Were it not
for the extraneous energy the earth receives from the

sun's rays, the carbon in carbonic acid would be, in this

sense, irretrievably lost. In the processes of industrial

chemistry we may often see the manufacturer's art applied

to the production of some material in a form in which it is

chemically active ; we may cite, for instance, iron-smelting

and alkali-making. Dwellers in the neighbourhood of

Middlesborough, or of Widnes, realize better than most
people that for every ton of iron a far greater 'quantity of

an eft'ete slag is formed—slag which has accumulated in

masses greater than the pyramids of Egypt—and that for

every ton of soda there are produced nearly two tons of

alkali waste.

The balance of chemical change is on the side of

diminished chemical activity. Nature grows weary, and
protests afterwards against changes which she does not
prevent, and often scarcely hindered at the time.

It is, however, in the domain of physics rather than in

chemistry, in transformations of energy more than in

transformations of matter, that Nature's protest against

change is most strikingly shown. We do not refer merely
to the property of mertia, in Virtue of which all bodies

resist a change in their state of rest or motion. In this

case, if the resistance be overcome and the motion of the

body be increased, energy is stored up in the increased

momentum of the body ; but when such exchanges of

energy are examined in detail there always appears a

residual phenomenon which mars the simplicity and com-
pleteness of the result. Take the case of any of the

well-known mechanical appliances. A small force is made
to raise a large weight, and if we multiply the force by the

distance through which its point of application is moved
the product would be equal to that of the w eight multiplied

by the distance wliich the weight is raised, were it not for

the inevitable friction which fritters away a part of the

mechanical energy in the less available form of heat. It

is true that the heat so produced has its mechanical

equivalent. Heat can be converted into mechanical work,
and one unit of heat converted into mechanical energy
produces one thousand three hundred and ninety foot

pounds, the same amount of mechanical work which waa
required to produce the unit quantity of heat ; but if we
are dealing with the unit quantity of heat, it is found in

practice to be impossible to transform the whole of it into

mechanical worlc. Part still remains in the form of heat.

Perhaps one half of the unit quantity of heat may be con-
verted into six hundred and ninety-five foot pounds, leaving

the other half still in the form of heat energy. This is an
example of the conservation of heat energy, but it is a

somewhat unsatisfactory form of conservatism, for the half

unit of heat which is left is heat at a lower temperature or

heat-level than that with which we started, and is less

available for further transformation. Only a reduced
proportion of this heat can be converted into the higher or

more available forms of energy. Hirn's experiments with
the steam engine illustrate this point. The loss of heat
between the boiler and condenser is accounted for by the

mechanical work done, and the mechanical equivalent of

heat determined in this way is identical with the heat
equivalent of work determined by Joule's method of

warming a liquid by the friction of paddle-wheels driven

by a falhng weight. But the steam engine cannot be
worked without a transference of heat between the boiler

and the condenser, over and above the heat that is used to

overcome resistance. This surplus heat is degraded from
the high temperature of the boiler to the low temperature
of the condenser. It is still the same in quantity, but it

is less available for transformation, less ready to undergo
further change. In this case of the running down or

degradation of energy an external mechanical effect is

produced, and the result is in accordance with our every-

day experience, and therefore is consistent with the

expectations of common sense. We cannot work without
growing tired, and it does not seem unreasonable that

something analogous to fatigue should be shown by
inorganic nature. But the inorganic world shows loss of

vigour, not only after effort, but after any change, even
though not accompanied by external effect. It is in such
phenomena of diminished vigour, resultmg from all those

natural changes which proceed without effort and without
the accomplishment of work, that we best see Nature's

protest against all change. One of the best illustrations,

which is not only a striking one, but has been carefully

and quantitatively examined, is afforded by the expansion
of compressed air into a vacuum. In Joule's well-known
experiments, a vessel containing compressed air and
provided with a stop- cock was attached to a similar vessel

which had been exhausted of air. The two were placed in

the same vessel of water, and the temperature carefully

noted. The stop-cock was then opened, and the compressed
air was allowed to rush into the empty vessel. The empty
vessel is thereby heated, and the full vessel cooled ; but on
stirring the water of the outer or containing vessel so

as to equalize the temperatures throughout, it is found
that the temperature of the system of bodies has, as

a whole, undergone no alteration. The only change
is that the energy of the air is less available than
it was before. There is the same amount of energy
in it, but in order to get energy out of it we should

have to expend work upon it, e.;/., by compressing

it again into a smaller space. A similar and even more
important case is that of the equalization of temperatures

which is constantly taking place by the flow of heat from
hotter to colder bodies, or from hotter to colder parts of

the same body. The amount of heat received by the

cold body is equal to that lost by the hot body, but
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whereas work, mechanical, electrical, chemical and so

forth, could always be got out of the two bodies as long as

there was a difference of temperature between them, now
that the temperatures are the same no work or effect can

be obtained from the interaction of the two.

The tendency of all forms of energy to transform them-

selves into heat, and the tendency of heat energy to

become uniformly distributed and therefore ineffective, is

one of the most important modern generalizations from

the study of physical forces. A levelling process appears

to go on everywhere in the inorganic world, and if the

tendencies which are so distinctly seen to operate now are

a part of a continuing order of all things, then we cannot

avoid the logical conclusion that the world tends towards

a state of death in life in which all the mass and all the

energy of the present cosmos are undiminished but

impotent. Then there shall be no more change.

Such is the dreary prospect afforded by the attempt to

push beyond the limits of our experience the conclusions

to which observation of inorganic nature undoubtedly

leads. What a different prospect is unfolded by the

doctrines which have grown out of the scientific study of

the animated world ! Natural selection, the .survival of

the fittest, evolution, familiar terms expressing the gene-

ralizations of biological science, point to differentiation,

development and progress. It is easy to observe the effect

of the doctrines of evolution and development in the

optimistic tone as to progress and the future of human
society adopted by many writers of the present day.

How is it, one may well ask, that the tendency of things

appears so different when looked at from the point of view

of the physical and of the biological sciences .' Perhaps it

is that the progress of species, in which the exercise

of volition plays an important part, resembles the

processes of the industrial arts, in which the finer and

more serviceable forms of matter are produced by aid of

thought and contrivance rather than the ordinary opera-

tions of inorganic nature. We have pointed out how the

manufacture of metallic iron involves the simultaneous

production of greater quantities of the effete iron slag.

Something analogous seems to be indicated in the frightful

waste of animal life, and in the extinction of species.

Death, however, removes these from the sphere of action

—a difference between the organic and the inorganic

world, the importance of which will be realized more par-

ticularly by those who have studied the processes of

chemical change.

Neither should it be forgotten that, after all, the student

of physical science deals statistically with the phenomena
he investigates, whereas the work of the student of biolo-

gical science, as the student of mankind also, is to a large

extent concerned with individuals. Physical science deals

with the properties of energy as exhibited by matter. The
units or individuals of matter are atoms and molecules, and

we cannot examine individual molecules. Could we do so

we might, and probably should, find that the history of any
one of the small number of molecules which we might
individually study would differ from the history of the

body of which they form a part, as much as the fortunes

of the individual man may differ from the general lot of

the human race. Referring back to the example of the

compressed air expanding into a vacuous vessel, it might
occur that certain molecules would receive impacts so

directed and so timed that their velocity of motion and
their individual energy would be greatly increased. If

chance directed our attention to such cases, we might be

led to suppose that the change which accompanied the

expansion of air had been "progressive" in its character,

since it acted for the " benefit " of the " fortunate " mole-

cules. But the statistical study of the phenomenon as a

whole would show that, in spite of the " development " of

mdividuals, there had been a general lowering of vigour

all round.

But, however these things may be, it is undoubtedly the

fact that the powers of the animated world are ultimately

derived from the inorganic source of physical energy, and

sooner or later the powers of organic development must

cease if the phenomena of degradation of energy as exhibited

by the inorganic world are really, as they appear, universal

in their application.

THE FACE OF THE SKY FOR

By Herbert Sadler, F.R.A.S.

JULY.

SUNSPOTS show little, if any, signs of decrease.

Conveniently observable minima of Algol occur at

llh. 32m. P.M. on the 1st, and at lOh. 3m. p.m. on
the 24th.

Mercury is an evening star during the first

few days of the month, and a morning star at the end, but
is not very well situated for observation in July. On the

1st he sets at 9h. 23m. p.m., or Ih. 5m. after the Sun, with

a northern declination of 18° 18', and an apparent

diameter of 9i", one quarter of the disc being illuminated.

On the 6th he sets at 8h. 58m. p.m., or 43m. after the Sun,
with a northern declination of 16° 47', and an apparent

diameter of I0|", y^^ths of the disc being illuminated.

After this he approaches the Sun too closely to be visible,

coming into inferior conjunction with him on the 20th.

On the last day of the month he rises at 3h. 24m. a.m.,

or Ih. before the Sun, with a northern declination of

18° 2', and an apparent diameter of 9V', just one quarter

of his disc being illuminated. While visible in the early

part of the month he is almost stationary in Cancer, to

the S.W. of PriBsepe, and on the 31st he is again almost

stationary in the extreme eastern portion of Gemini.
Venus is a morning star, but, as we observed last

month, is becoming rather an uninteresting object for the

amateur. On the 1st she rises at Ih. 40m. a.m., or

2h. 9m. before the Sun, with a northern declination of

18° 52', and an apparent diameter of 14", three-quarters

of her disc being illuminated, and her apparent brightness

being about equal to what it was on February 5th. On
the 19th she rises at Ih. 3om. a.m., or 2h. 20m. before

the Sun, with a northern declination of 20^ 38', and an

apparent diameter of 13^", To°o*-i's of the disc being

illuminated. On the 19th she rises at Ih. 85m. a.m., or

two hours and a half before the Sun, with a northern

declination of 22° 4', and an apparent diameter of 12^'',

J^ths of the disc being illuminated. On the 31st she

rises at Ih. 47m. a.m., or 2h. 37m. before the Sun, with a

northern declination of 22° 29', and an apparent diameter

of 12", Yco'lis °^ ^^^ '^'^'' being illuminated, and her

apparent brightness being about equal to what it was on

February 7th. She is in conjunction with Jupiter at 8h.

A.M. on the 20th, 0° 51' to the south. During July she

describes a direct path through part of Taurus into

Gemini, being very near i; Geminorum on the 26th, and

jj. Geminorum on the 28th, being only 0° 3' south of

u. Geminorum at noon on the 28th.

Mars is an evening star in the sense of rising before

midnight during July. On the 1st he rises at llh. 43m.

P.M., with a southern declination of 0° 30', and an apparent

diameter of 10-8", the phase on the preceding limb

amounting to 1-7". On the 10th he rises at llh. 17m. p.m.,

with a northern declination of 1° 29 , and an apparent

diameter of 11-5 ", the phase amounting to 1-8". On the
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20fch he rises at lOh. 4!>m. p.m., or 2h. 45m. after sunset,

with a northern dechnation of S° 30', and an apparent

diameter of 12-3", the phase amounting to 1'9". On the

31st he rises at lOh. 18m. p.m., or 2h. 80m. after sunset,

with a northern declination of 5° 28', and an apparent

diameter of 13-4", the phase on the preceding limb

amounting to nearly 2". During the month Mars describes

a direct path in Pisces, being closely s / the 5th magni-
tude star fA Piscium on the evening of the 30th. At about

Ih. A.M. on the 17th an 80 magnitude star will be f north

of the planet, and three or four minutes after midnight on
the 29th a 9th magnitude star will be i' north of Mars.

Both Jupiter and Neptune are, for the purposes of the

amateur observer, invisible.

Saturn is still an evening star, but should be looked for

as soon after sunset as possible. On the 1st he sets at

Oh. 15m. A.M., with a southern declination of 4° 54', and
an apparent equatorial diameter of 17j" (the major axis of

the ring system being 39^-" in diameter, and the minor

7f"). On the 16th he sets at llh. 18m. p.m., with a southern

declination of 5° 8', and an apparent equatorial diameter

of 16i" (the major axis of the ring system being 885"

in diameter, and the minor 7|"). On the 81st he sets

at lOh. 14m. p.m., with a southern declination of 5° 29',

and an apparent equatorial diameter of 16j" (the major
axis of the ring system being 87|" in diameter, and the

minor 8"). lapetus is at inferior conjunction just before

midnight on the 14th. Diu-ing the month Saturn pursues

a short direct path in Virgo through a region destitute of

naked-eye stars.

Uranus is also, an evening star, but should be looked for

as soon after sunset as possible. On the 1st he rises at

3h. 11m. P.M., with a southern declination of 14° 54', and
an apparent diameter of 3-7". On the 31st he sets at

lOh. 50m. P.M., with a southern declination of 14° 53'.

He is almost stationary in Libra during the month. A
map of the stars near his path will be found in the Emjlisli

Mechanic for March 23rd.

Shooting stars are fairly numerous in July, though
twilight interferes with observation. A well-marked

shower radiates from near S Aquarii, the maximum being

on the 28th. The radiant point is in 22h. 40m.— 13°.

SThe Moon is new at 5h. 45m. a.m. on the 8rd ; enters

her first quarter at lOh. 15m. p.m. on the 9th ; is full at

lOh. 3m. p.m. on the 17th ; and' enters her last quarter

at 9h. 7m. p.m. on the 25th. She is in perigee at 2h.

p.m. on the 3rd (distance from the earth 225,215 miles),

is in apogee at 3h. p.m. on the 17th (distance from the

earth 252,460 miles), and is in perigee at llh. p.m. on the

31st (distance from the earth 222,280 miles). At 8h. 42m.
P.M. on the 17th the 5th magnitude star A Sagittarii will

disappear at an angle of 55° from the north point, and
reappear at an angle of 286° at 9h. 52m. p.m. At 8h. 55m.
p.m. on the 18th the 6th magnitude star B.A.C. 7197
will make a near approach at an angle of 346°. At
]0h. 33m. P.M. on the 20th the 6th magnitude star 60
Aquarii will disappear at an angle of 854°, and reappear

at lOh. 57m. p.m. at an angle of 815°. At 2h. Im. a.m.

on the 21st the 65 magnitude star B.A.C. 7885 will dis-

appear at an angle of 47°, and reappear at 3h. 20m. a.m.

at an angle of 241°. At llh. 30m. p.m. on the 25th the

6th magnitude star 19 Arietis will disappear at an angle

of 60°, and reappear at Oh. 25m. a.m. on the 26th at an
angle of 248°. At 8h. 40m. a.m. on the 27th the 4^

magnitude star t, Arietis will disappear at an angle of 117°,

and reappear at 4h. 18m. a.m. at an angle of 186°. At
llh. 51m. P.M. on the 27th the 6th magnitude star 36
Tauri will disappear at an angle of 126°, and reappear at

Oh. 20m. A.M. on the 28th at an angle of 197°

Ci^tss Column.
By 0. D. LooooK, B.A.Oxen.

CoMMUNioATioNs for thls column should be addressed to
C. D. LococK, Burwash, Sussex, and posted on or before
the 12th of each month.

Solutions of June Problems.

No. 1 (By Mrs. Baird).

Key-move—1. Q to KR8.
• If 1. . . . KxP, 2. Q toB6.

1. . . . K to B4 2. Q to E5ch.
1. . . . P X P, 2. Kt to B5ch.

Correct Solutions received from H. S. Brandreth,
Alpha, J. Perkins, A Norseman, W. Willby, B. G. Laws,
E. W. Brook, J. St. L. Kirwan, Chat.

No. 2 (By C. D. Locock).

1. Q to B5, and mates next move.

Correct Solutions received from H. S. Brandreth,
Alpha, J. Perkins, J. E. Gore, W. Willby, B. G. Laws,
E. W. Brook, J. St. L. Kirwan, G. G. Beazley, Chat.

Additional Solution of Mr. De Morgan's problem
received from J. St. L. Kirwan.

.7. Pt'ikinx.—There is no Solution Tiiurnci.i in Knowledge
at present, but solutions will always be acknowledged.

Yum-Yum.—This page was in the printers' hands when
your letter arrived last month.

E. W. Broolc.—Much regret that you decided not to
take part in the adjudication. Your previous experience
of most of the positions published in this and other
columns was surely a sufficient qualification. Solutions
of Nos. 1 and 2 are quite correct.

Many correspondents have congratulated us on the
success of the Solution Tourney, and on the high standard
of the problems in it. We have to thank them also for

many discriminating criticisms of the problems, and regret
that we have not space for their publication. Some of
their ideas, however, will be found embodied in our brief
criticism of the less fortunate problems. The more for-

tunate, of course, cannot be criticized in print till the judge
has decided on their respective merits.

PROBLEMS.
By A, C. Challenger.

No. 1.

Black (7).

m mi m
m. M

m §m m^.

M W}
« * ill. f

White (5).

White mates in two moves.
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No. 2.

Blace (.i).

White (S).

White mates in two moves.

Knowledge Problem Tourney.

Only seven took part in the prelimiuai-y adjudicatiou,

viz., J. H. Christie, A. C. Challenger, Semper, A Norse-
man, Chat, Guy, and the Chess-Editor. Marks, awarded
on the plan given last month, were divided among the
various problems as follows ;—447^, 37it, 34a, 3Hs^,28, 271,
261, 25^—13^, 10, 8, 5, 0, 0, 0.

"
Total 294= 7 x 42. A"s

the voting was very close, and the gap obviously comes
after the first eight, the Chess-Editor decided that these

eight problems ought to go before the judge. The eight

successful problems, named in the order of publication, are
—No. 2 (" T can't help ynur tnmhlcs "), No. 3 (" Sweetness

awl Fiiritij, dr."), No. 4 {"Stella"), No. 5 Q' Bonne
Bouche"), No. 10 {" iVulli Serundus"}, No. 11 {" Pearl of
the Garden "), No. 14 {" Enrirhetta "), and No. \Q{" Fortes

fortuna jurat.")

C'hat and the Chess-Editor alone placed seven of these
on their lists, A. C. Challenger, Semper and Guy placing

six. The problem which obtained 37| marks was the only
problem on every list. One solver placed it first, while no
less than three placed it seventh.

Mr. E. N. Frankenstein has kindly accepted the post of

judge. We expect to publish his award next month.

Criticisms.

No. 1 {"Pro virtute").— Spoilt by the weak key and
dual. The construction is a little clumsy, hut there are

some creditable variations.

No. 8 (" Miinetdi ").—Neat and unpretentious. The
dual short mate is a drawback.

No. II (" Liehlich sind, etr.").—In spite of the weak key
and crowded forces, the autlior's idea of meeting 1. . . P
to B") by 2. Q to Kt7, resulting in three absolutely pure
mates, is perhaps the finest in the whole tourney. Un-
fortunately, there is a dual in this the main variation.

No. 12 (" Sietider").—Pretty and elegant, with a fairly

good key, and one quiet second move. But like No. 8 it

is rather a light weight.

No. 13 {" Invicta").—Some nice variations; but the

symmetrical construction makes the key obvious, and not

only halves the variety but doubles the dual.

No. 10 {"A Xorstiiian").~A fair key, but the duals

leave only two sound variations.

No. 17 (" Posuit ultiniuin lapidem ").—Bather a crowded
position. The triple and dual completely spoil an other-

wise fairly good position.

Of the unsound problems, " La Hetraite " was perhaps
the best ;

" E((st Harliwj " had a fine strategical key
;

" The Cirrle," if sound, would probably have been the most
difticult problem in the tourney.

CHESS INTELLIGENCE.
The result of the Championship Match was received too

kte to report last mouth. Mr. Lasker won the last game
in fifty-two moves, and the match by ten games to five and
four draws, almost the identical score by which Steinitz
himself defeated Zukertort in their last match. It is stated
that the loser has issued a challenge for a return match to
be played under similar conditions next December. In
the meantime Mr. Lasker, who is expected in Europe
shortly, must be considered champion of the world. Till

quite recently it was the fashion to minimize in every
possible way the merit of Mr. Lasker's successes, though
exactly two years ago an opinion was expressed in
Knowledge that he had no equal in Europe except I)r.

Tarrasch. Now his reputation rests on a securer basis.

To what extent Mr. Steinitz's defeat is due to increasing
years and ill-health cannot be accurately determined ; but,
as is well known, his victories during the last few years
have not been marked by those crushing majorities to

which we were accustomed fifteen years ago. He defeated
Gunsberg and Tschigorin by a very small margin of games,
and subsequently lost both games in his match by
correspondence with the latter player. It is extremely
improbable, therefore, that he was quite at his best this

year. The internal evidence of the games shows inequality
of play and a certain lack of patience, though at times
there was much of the old brilliancy.

The Championship of the Southern Counties' Chess
Union has fallen to Surrey. After their victory in the
south-eastern division the result was practically decided,
though they still had to play matches with Northampton-
shire and Gloucestershire, both of which counties they
defeated without much difiiculty.

Mr. Teiehmann has considerably added to his reputation
by two consecutive victories in tournaments at Simpson's
Divan. Messrs. Bird, Miiller and RoUand were among
the competitors.

On May 26th the City of London Club defeated a strong
team of the St. George's Chess Club by the decisive

majority of eleven and a half to three and a half. Mr.
Wayte was the only prominent absentee on the defeated side.
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THE ANCIENT MAMMALS OF BRITAIN.

II.

—

The Forest-Bed .^^^d Crag Periods.

By R. Lydekker, B.A.Cantab., F.R.S.

THE freshwater deposit on the eastern coast of

England known as the forest-bed, of which the age
is preglacial, occupies a somewhat intermediate

position in regard to its mammaUan fauna between
the cavern and crag periods ; some of the species

characterizing the former epoch extending downwards to

the forest-bed, while others are replaced by those of the

crag. Still, however, the percentage of existing species

is high, and as but few of the genera appear to be extinct,

we prefer to assign the formation in question to the

Pleistocene rather than to the Pliocene epoch.

Commencing with the carnivores, we have evidence that

the forest-bed possesses a sabre-toothed tiger apparently
specifically distinct from the cavern species, and not im-

probably identical with one (Macharodus cultridrfns) from
the upper Pliocene beds of the Yal d'Arno in Tuscany

;

while the hyiBna is identical with the cavern form, that is

to say, the existing South African species. The wolf, and
probably the fox, as well as the marten and the glutton,

are likewise existing species ranging as far down as the

forest-bed ; and the occurrence of the last-named is some-
what notable, as showing that even at this early epoch
northern types were capable gf existing in England before

we have any endence of the incoming of strongly-marked

glacial conditions. The other land carnivores of the forest-

bed are the otter and the cave-bear ; while the teeth of a

smaller bear have been tentatively assigned to the American
grizzly, although we should think it more probable that

they pertained to the brown species. Of marine forms, a

walrus which has been regarded as specifically distinct

from the living representative of the genus, and the bearded

seal (Phoca harhata), now inhabiting the North Atlantic,

have been recorded from the formation under consideration.

In the hoofed order we find the bison and the musk-ox,

as well as a large sheep iOvis sarini) apparently allied to

the Himalayan argali, inhabiting East Anglia during the

deposition of the forest-bed ; while the roebuck, an extinct

kind of elk (^te-.s- latifrons), and the red deer likewise lived

at the same time. There appear also to have been several

species of extinct deer, among which Savin's deer [Cervus

savini) is remarkable for the flattened form of the brow-tine,

while in the magnificent species (C. xethpncki) named
after the well-known professor of geology at Cambridge

the spreading antlers attained a complexity of structure

unknown in any other member of the genus. Of other

ungulates, the hippopotamus, the wild boar, and the horse

date from the forest-bed ; and the occurrence in this

formation of the former species in association with the

musk-ox, glutton, and walrus, presents us with another

of the puzzles which almost break the heart of the

paleontologist. In addition to the common horse, there

was an extinct species known as Steno's horse (EquuK

stenonis) and distinguished by the small size of the so-called

front irmer pillar of the upper molar teeth, or the portion

occupying the middle of the lower

border of the annexed figure. In this

respect the species in question was
less specialized than the modern
horse, and makes a step in the

direction of the under-mentioned

hipparion. On the Continent Steno's

horse occurs in beds ofupper PUocene

age, where it was accompanied by

the Etruscan rhinoceros {Rhinoceros

etuscus), as was also the case in the

forest-bed. This Etruscan rhino-

ceros differs from the leptorhine

and megarhine cavern species by the much lower crowns of

its molar teeth, and is likewise, therefore, a more

generalized type. So far as can be determined, the

mammoth does not appear to have come into existence at

the period of the forest-bed; but the so-called straight-

tusked elephant (Elephas antiquus) was abundant, as

well as a third species (B. meridionalis), unknown

in the higher deposits. This southern elephant,

which takes its name from its occurrence in the upper

PUocene strata of the Yal d'Arno, attained enormous

dimensions, and is characterized by the smallness of the

height of the crowns of the molar teeth in comparison

with their width, as well as by the large size and lozenge-

like form of the discs of ivory enclosed by the enamel-

plates on their grinding surface, and the width of the

intervening spaces of cetnent. The enamel-plates them-

selves are very thick and smooth, being almost completely

devoid of the puckeringa characterizing those of the

mammoth. Although anyone can see the dilYerenee

between a typical molar of the southern elephant and one

of the mammoth, some teeth of the former are very like

certain of those of the straight-toothed elephant, while

some of the latter come very close to those of the mam-
moth. It is, therefore, advisable in determining the teeth

of fossil elephants to seek the aid of a specialist. It may

Fia. 1.—Kight upper

molar tooth of Steno's

Horse.
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be added that remains of the southern elephant have been
met with in a remarkable deposit at Dewlish, in Dorset-

shire, which must consequently be correlated either with

the forest-bed or the upper crags.

Among the smaller mammals we find the rodents well

represented in the forest-bed, some of the species still

existing in Britain, while others are now confined to the
Continent, and a few are extinct. In the former class we
have the squirrel, the wood-mouse (Mus si/Iraticus), and
the bank-vole (Microtus ijhin'olus) ; and in the second the

beaver, the continental field-vole (M. arvalis), and the

Siberian vole {M. ijreyaiis) ; while of the extinct forms the
giant beaver (Troijontherium cimeri) indicates a genus
characteristic of this formation and the upper Pliocene,

and a vole (ilf. intermi'diim) intermediate in size between
the water-vole and field-vole differs from both in having
distinct roots to the molar teeth. Li the insectivorous

order we have the mole, and the common and pigmy
shrews, as representatives of the existing British fauna

;

while the Eussian desman (Myogale tnoschata) is now found
only in the districts between the rivers Don and Volga,

where it leads an aquatic life, not unlike that of our
water-vole, save that its habits are insectivorous instead

of herbivorous.

The few cetacean remains from the forest-bed appear
all referable to existing forms, and indicate the same
mixture of southern and northern forms as characterizes

the land fauna. Among these are the southern right

whale {liahvna amtralis), a large fin-whale (Balannptera),

the sperm-whale—which stUl occasionally straggles as far

north as Britain—the killer, or grampus {Orca </ladiator),

the false killer {Pseudorca crassidem)—originally described

from a skull from the fens near Stamford, but subsequently

found living in the North Sea,—the Arctic narwhal
(ilonodon monoceros), and white whale (Delphinaptenis

letteas), the common dolphin, the bottle-nosed dolphin,

and the porpoise.

We now come to the shelly deposits of the east coast,

locally known by the term of " crags," a name which has
been adopted into geological nomenclature. These beds
admit of a three-fold division, namely the Norwich,
fluvio-marine, or mammaliferous crag, the red crag, and
the coralline, or white crag. The former, which is partly of

freshwater and partly of marine origin, shows a molluscan
fauna of a decidedly northern type, and has at its base a

bone-bed in which mammalian remains occur in con-

siderable quantities. The red crag takes its name from
the colour of its sandy beds, and likewise contains a

bone-bed in which the fossils are mainly converted into

phosphate of lime, and are thus valuable as a source of

artificial manure. Although its molluscs are generally of

a northern type, this feature is less marked than in the
Norwich crag. The lowest, or coralline crag, which is

generally of a light colour, takes its name from the
number of species of polyzoa found in these beds ; its

molluscan fauna indicating warmer conditions than those
prevailmg during the deposition of the upper members of

the series.

One of the features of the mammalian fauna of the
crags is the occurrence of remains of mastodons, which
are quite unknown in the higher beds, and the comparative
rarity of true elephants ; while still more noticeable is

the abundance of the remains of cetaceans, referable to

many species and genera. Although some of the crag
mammals belong to existing species, the great majority are

extinct, and a small proportion belong to genera no longer
existing. It is probable that the greater number of the
mammals found in these beds belong to species which
were living during the time of their deposition, although a

few may have been derived from antecedent Miocene beds.

Certain specimens are, however, met with which have
clearly been washed out from the London clay or other
older Tertiary formations ; and these, which may generally

be recognized by their water-worn condition, will be
omitted from our survey. Although the mammals obtained
from the difl'erent crags are by no means always the
same, it will be convenient to treat of the whole series

collectively.

Among the most difficult fossils to determine specifically

are detached teeth of the cats, and certain such specimens
from the red crag, which have been regarded as in-

dicating an extinct species, are so like the corresponding
teeth of the leopard that it would be hazardous to say
they do not belong to that animal, although, on the other
hand, it would be equally rash to say positively that such
was the case. Whether a sabre-tooth occurs in these
deposits is uncertain ; but there is no doubt as to the
existence in that epoch of the striped hyjena (Hyana
striata), of northern Africa and India, as several well-

preserved teeth have been obtained from the red crag.

The occurrence of this species in the crag, and its

replacement in the forest-bed and cavern-period by the
spotted hysna, is one of those remarkable facts in distri-

bution which we have at present no means of explaining.

Both the wolf and the fox appear to date from the period
of the red crag, while the polecat apparently occurs in

the still earlier coralline crag. The common otter seems,
however, to be of more modern origin, since a member of

the same genus from the Norwich crag, and a second from
the red crag seem to be both extinct. By far the most
remarkable of the red crag carnivores is the giant panda
[Jihirus amiUcus), at present known only by an upper
molar and a fragment of the lower jaw with the last tooth,

since the genus to which it belongs is represented else-

where solely by the panda or cat-bear {.J^. fulgens) of the
south-eastern Himalaya. The existing panda, which is

an animal of about the size of a fox, with a bright red

coat and long bushy tail, is of especial interest as being
the sole Old World representative of the raccoons, and is

characterized by the peculiarly complex structure of the
upper molar teeth and the remarkably curved form of the
lower jaw. Since the crag fossils present precisely the

same character, there can be no doubt of their having
belonged to an animal of the same genus, which was,
however, double the size of its existing representative.

That a creature so isolated and peculiar as the Himalayan
panda should be represented by a

closely allied but gigantic species

which lived in Britain in company
with the wolf and the fox, is one of

the most unexpected facts revealed

by palffiontological investigation.

So far as can be determined
there is no evidence of the exis-

tence of true bears in the crag, and
it is probable that both the cave-

bear and the brown bear do not

antedate the forest-bed, although

an extinct species occurs in the upper Pliocene of the

Continent. In the red crag the place of these animals

is taken by a huge carnivore known as the hysenarctus,

which was in many respects intermediate between

bears and dogs, the upper molar teeth, as shown in

the accompanying cut, being shorter and squarer than

those of the former, while the carnassial or flesh-teeth

were of a cutting type more like those of the latter.

Species of the same genus occur in the Pliocene and
Miocene formations of the Continent, as weU as in the

Fig. 2.—Last upper molar
tooth of the Hysenarctus.
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Indian Pliocene. A walrus (Trichechus huxleyi), apparently
identical with the forest-bed form, as well as two species

of seals, one of which is assio:ned to an extinct genus
(Phocanflla), complete the list of the carnivores of the red

crag ; and it may be added that the occurrence of the

former is not out of harmony with the climatic condition

indicated by the molluscs.

Neither oxen, musk-ox, sheep, or goats are known from
the crag ; but a gazelle, apparently extinct, from the

Norwich crag is of considerable interest as indicating the

probable existence in England at that period of open, more
or less desert plains like those frequented by the majority
of the existing members of that group. In contrast to this

paucity of hollow-horned ruminants is the abundance of

stags, which are especially common in the Norwich crag,

and for the most part belong to types unlike any now
existing, although Falconer's deer (C falconeri) was near
akin to the fallow deer. Among the most peculiar is a
species named C. verticornis, characterized by its short and
thick antlers, in which the cylindrical brow-tine curves

downwards over the forehead, while above it are two oval

tines, and superiorly the beam becomes flattened and
expanded into a crown of two points. The pigs were
represented by two extinct species, one of which was nearly
allied to, if not identical with, the gigantic Sus enjmanthius
from the Pliocene deposits of Attica ; while the smaller
one has been identified with another continental species

known as S. pnlceocJuems.

Among the odd-toed imgulates, true horses seem very
rare, although Steno's horse, alluded to above as

characteristic of the forest-bed, has been recorded from
the Norwich crag. Three-toed horses of the genus
Hipparion were, however, common in the red crag ; their

upper molar teeth, as shown in the accompanying figure,

being always distinguishable at a

glance by the isolation of the antero-

internal from the enamel-folds of the

centre of the crown. The red crag

rhinoceroses are quite distinct from
those of the overlying beds, one
being identical with the hornless

Rhinoceros incisivus of the continental

Pliocene, while it is possible that a

second may be the same as a two-
FiG. 3.—Left upper

molar tooth of Three-
toed Horse {Hipparion ).

form [R. schleieniiacheri),

is apparently nearly allied

living Sumatran species,

forms, large tusks in the

of a tapir in the red crag

horned
which
to the

having, like the hornless

lower jaw. The occurrence

assists in explaining the present anomalous distribution

of these animals ; one species of which is Malayan, while

all the rest are South American. Although the straight-

tusked elephant occurs in the Norwich crag, while the

southern elephant dates from the subjacent red crag, the

commonest proboscideans of the period under considera-

tion were mastodons, which, it is scarcely necessary to

mention, difi'er from elephants in the much lower crowns
of their molar teeth, which are surmounted by low
tubercles, frequently arranged in a small number of trans-

verse ridges, separated from one another by more or less

completely open valleys, this type of tooth being much
more generalized than that of the elephants. In one of

the crag mastodons {M. arvernensis) the tubercles of the

molars were arranged alternately and the lower jaw was
short and devoid of tusks ; in a second [M. hngirostris) the

same tubercles were arranged in transverse ridges, with

their worn summits showing a trefoil pattern like those of

the hippopotamus, the lower jaw being at the same time

greatly produced and armed with a large pair of tusks
;

while in the third (M. borsoni) the ridges in most of

the teeth were three, instead of four in number, and
retained much less distinct evidence of their constituent
tubercles.

The rodents need not detain us long, but the giant
beaver of the forest-bed was sparingly represented in the
Norwich crag, while a smaller member of the same genus
(Troijontherium minus) is found in the subjacent beds ; the
only other named rodent being the extinct vole referred to

above, which ranges downwards from the forest-bed to the
Norwich crag.

The whales and dolphins of the crag are so interesting

that they would aiford ample material for an article by
themselves, and can, therefore, receive but scant notice in

the limits of space available. Among the whalebone
group there appear to have been no less than four species

of right whales, one of which {B. afjinis) resembled the
Greenland whale, while a second {B. primi<jenia)\y?ia more
nearly allied to the southern right whale, and a third

(B. halanopsis) was characterized by its small dimensions.
Humpbacks (Meffiiptera) were likewise well represented, as

were also the finners {Balanoptera)
; while an extinct

genus (Cetotherium) allied to the last contains several

species from the crag. It may be mentioned here that all

these whales are represented by the shell-like tympanic
bones of the inner ear, which differ remarkably in form in

the various genera, and thus form unerring guides both
for generic and specific determination. Another type of

these bones, remarkable for its egg-like form, serves to

differentiate yet another extinct genus (Herpetocetics) of

whalebone whales. Turning to the toothed whales, a
remarkable feature in the red crag is the number of teeth

indicating the occurrence of large forms more or less

closely allied to the sperm-whale, but mostly distinguished

by the presence of small caps of enamel. There were
likewise smaller forms, one of which has long been known
under the name of PJii/sodon, although it was only recently

that the writer was able to determine from the evidence

of a Patagonian specimen that it differed from the sperm-
whale in having teeth in the upper as well as in the lower
jaw, and thus indicates a distinct and more primitive

family connecting the sperm-whale with the dolphins.

That a bottle-nosed whale nearly allied to the existing

Ilyperoodon rostrafus inhabited British water during the

red crag period is proved by an ear-bone in the Ipswich
Museum ; and the number of beaked whales living at the

same time must have been extraordinarily great, from the

profusion in which their dense bony beaks occur in these

deposits. Most of them belong to the same genus
(Meso]iI.o(lun) as that rare visitor to the English shores,

Sowerby's whale ; although a few pertain to an extinct

genus {Chone^iphim) characterized by the presence of an
unossified tubular perforation running through the centre

of the beak. A species of the extinct shark-toothed dol-

phins {.Squalodon), together with a killer (Orca), black-fish

(G-loliicephalus), dolphin {Delphinus), and bottle-nosed

dolphin (Tursiops), completes the list of crag cetaceans.

It may be added that the sirenians, that is to say the

order to which belong the living manati and dugong, are

represented by a skull of the extinct genus Halitherium

from the red crag, but it is quite possible that this specimen
may have been washed out of Miocene beds.

Although the fauna of the crag would have appeared
strange and foreign even to an inhabitant of Britain during
the early historic period, when the wolf, bear, aurochs,

and beaver still lingered in our islands, could a cave-man
have seen Britain as it existed during the period of the

crags, he would not have found the fauna very different

to the one with which he was acquainted, mastodons
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taking the place of elephants, and the hornless rhinoceros

representing the two-horned woolly species which he had
probably been accustomed to hunt.

INSECT SECRETIONS.-V.
By E. A. Butler, B.A., B.Sc.

{Continued from page 178.)

AMONGST butterflies and moths, the exciting

moment when the most wonderful change in their

whole history takes place—the moment when
they throw aside the deathlike torpor of the
limbless chrysalis and take on, to all appearances

suddenly, a complete locomotive equipment consisting of

six legs and four wings—is an occasion which, in conse-
quence of its exceptional requirements, is fruitful in the
production of characteristic liquids. When a chrysalis is

enclosed in a cocoon, it is obvious that some substance
must be produced by the newly emerging insect, which it

may use as a means of escaping from its enveloping shroud
of silk. It has no biting jaws, as it had just before it

entered on the pupa stage, so that gnawing its way through
is altogether out of the question, and it must make its

escape by using some solvent which will chemically affect

the silk, and either loosen its component threads at the
spot where the exit is to be made, or absolutely dissolve

them. In our articles on " Curious Cocoons," we have
already pointed out that it has recently been discovered
that, in one instance at least, this solvent has the remark-
able characteristic of being a strong caustic alkali—none
other, in fact, than potash itself. We refer to the instance
of the puss moth, whose exceptionally hard cocoon
necessitates an equally powerful solvent. That an alkaline

fluid was produced by this insect on its emergence was
indeed noticed nearly fifty years ago, but its exact nature
was not determined until quite recently. Analogy would
lead us to conclude that a liquid of somewhat similar
nature, or at any rate of similarly corrosive action, must
be produced by other moths which enjoy the shelter of

closed cocoons during their period of lethargy.

Those who have kept caterpillars, and watched the
changes through which they pass, are familiar with the
fact that a newly emerged butterfly or moth discharges a
quantity of a reddish fluid from its digestive tube, so that
the ground in the immediate neighbourhood of such an
emergence, and the various objects around, including
often the old chrysalis shell, become bespattered with drops
of coloured liquid, which soon dry up and leave behind a
reddish or orange powdery deposit. This liquid is of an
acid character, since it reddens blue litmus paper when
placed upon it. It is often shot out in considerable
quantity and with great force, especially when the insect is

disturbed before it has become properly prepared for its

new style of life.

Not only does this discharge take place when a chrysalis
becomes a perfect insect, but a similar incident often occurs
when the caterpillar becomes a pupa. The contents of
the alimentary canal are then voided in a semi-fluid con-
dition, though under ordinary circumstances the excrement
is compact, and comparatively dry and hard. In the case
o; the emperor moth {Saturniii carpini), i\Ir. Bateson has
made a careful examination of this discharge, specially
with a view of determining its relation to the colour of
the cocoon. While still contained within the alimentary
canal the liquid is green, but shortly after being ejected it

becomes reddish-brown. Microscopically examined, it is

seen to consist of a coloured liquid containing partially

digested food. If it be filtered through blotting paper, a
clear green liquid is obtained, which turns reddish-brown
in the course of a few minutes. This is no doubt a

chemical change due to oxidation, resulting from exposure
to the air, as the following experiments tend to prove. If

a little be placed on a glass plate, the outer layer may be
seen to have changed colour, while the lower part, being
out of contact with the air, still remains green. If again
the liquid be placed in a tube, and then shaken up with
air, the darkening process is accelerated. Yellow nitric

acid, a body which easily yields up oxygen, destroys the
green colour at once, and turns the liquid reddish-brown.
The question whether this substance is a true secretion, or
merely a product of the digestion of the food, is not so

easy to determine, but that the latter is its true source
seems probable from the fact that no such colouring matter
can be discovered in the walls of the intestine, though one
would expect to find it there if it were a true secretion

from glands on the walls.

But though these coloured liquids ejected by caterpillars

just before pupation may not really be connected with any
special secretory organs, there is an instance of a remark-
able product which has been traced back to a special

part of the alimentary canal, and is thus shown to be
of the nature of a secretion. The product referred to

is a powder formed by the caterpillar of the lackey moth
(CUsiocampa nenstria), a well-known flabby creature, striped

with reddish, orange and blue, and often found abundantly
on whitethorn hedges. This caterpillar fashions for itself

a delicate white silken cocoon, of loose and semi-transparent

texture. The part immediately surrounding the insect is

more compact than the rest, but even that remains suffi-

ciently thin for the outline of the chrysalis to be faintly

traced through it. When the caterpillar has completed
its task, it discharges from the end of the alimentary canal

a quantity of a pale yellow powder, which looks a good
deal like flowers of sulphur. This powder, lodging in the

meshes of the silk, of course renders the cocoon a good
deal more opaque, and thus may perhaps be a source of

protection to the insect.

Mr. Poulton recently examined this powder chemically
and microscopically, and found that it consisted of minute
crystals of carbonate of lime. Dissections of the cater-

pillars showed that the ultimate source of the powder was
the malpighian tubules, the long thin tubes that open into

the intestine just behind its junction with the stomach.
It is, of course, initially obtained from the food, and appa-

rently accumulates in the tubules till the end of the feeding

life, when it is got rid of and made to subserve a possibly

useful function in giving greater opacity to the cocoon.

This would be of little avail if the creature remained in

the chrysalis condition throughout the winter, for the

winds and storms of that season would very soon shake

all the powder out. But as the insect remains a chrysalis

only for a very short time, the obscuration caused by the

powder may perhaps be of some slight advantage to it.

Like the skunk amongst mammals, many insects are

distinguished for the strong odour that attends them, and
that usually proceeds from fluids which they secrete. la

a few instances the odour is agreeable to the human
olfactory sense, but generally it is quite the reverse. These
odours may in some cases be a means of sexual attraction,

and in others the liquids which produce them may cause

the insects to become nauseous and unpalatable, and so

protect them from their enemies. But it would be unsafe

to conclude that scents which are agreeable to human
beings are also necessarily a source of attraction to the

lower animals, and in fact often the very reverse is the

case, for many insects are strongly attracted by decaying
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matter, which to us smells most foully, and if this be
so with what we call evil scents, the same may be true of

other kinds. It is not, therefore, a legitimate inference that

sweet scents are always possessed by insects as a means of

attraction, but that evil odours are a means of protection.

But, nevertheless, it may well be the case that the substance
which yields the odour may be of such an irritating nature
as to make both fragrant and malodorous insects un-
palatable.

Two orders of insects are particularly noteworthy for

the odours that attend them—the Hemiptera,in one division

of which, viz., the Heteroptera, or dissimilar- winged bugs,

the majority are supplied with a more or less penetrating
and disagreeable smell, and the Coleoptera, or beetles, a

good many members of which exhale odoui'S, agreeable or

otherwise. Outside of these two orders we only meet
with occasional instances of odoriferous insects, such as the

cockroaches amongst the Orthoptera, the lacewing flies

amongst the Neuroptera, and the caterpillar of the goat
moth amongst the Lepidoptera. Mr. Robson thinks that

the female swifts, which are nearly related to the goat moth,
also have the power of exhaling a faint odour which is

attractive to their mates, and that the fluttering of their

wings which takes place while they are waiting for a

partner helps to disseminate the odour.

Amongst the Hemiptera-Heteroptera, or bugs, there is

a wonderful uniformity about the nature of the scent, as

well as of the organs by which it is secreted. In almost
every instance amongst the scores of odoriferous species

we possess in this country, the odour resembles that of the
bed-bug, so that even in this respect there is a family
likeness which enables the entomologist at once to refer

them to their proper order. As a rule, the larger the
insect the more powerful the scent, but that is not
universally the case, and amongst the more delicately

constructed species, irrespective of size, the smell is often

so feeble as to be practically imperceptible to human
sensibilities, though of course it does not follow that it is

imperceptible to the more acute senses of the insects

themselves. The glands by which the fluid is secreted lie

on the under side in the central line of the body, and open
between the third pair of legs. The form of the orifice

and its surroundings varies in the different species, so

that it can sometimes be used for classificatory purposes.

The larger, hard-bodied bugs, whose curious shape has
gained for them the popular name of "bishops' mitres,"

often smell very strongly, and so penetrating and persistent

is the odour that if the substance stains the fingers, the

odour is difficult to eradicate, and clings to them even
after washing. If after touching them the finger be
applied to the tongue, a burning and very irritating

sensation is felt. Most of these larger species are not very

common with us ; they are met with on trees and bushes
of different kinds, and are to some extent indifferent as to

diet, feeding on the sap of trees or the blood of insects.

As they do not occur in large numbers together, their very
strong scent is hardly noticed untO one comes within two or

three feet of them, but then it is found to be very powerful,

and if the entomologist happens to have included one of

them in his net as the result of sweeping amongst long

herbage, he is sure to be made acquainted with the fact by
his nose, even if his eyes are not acute enough to single

out the offender at once from amongst the rest of his

captures. The smell of the bed-bug is also peculiarly

nauseous, though no doubt our disUke of the scent is in

this ease accentuated by the knowledge of the uncleanly

conditions which are indicated by the presence of the

insect. But the worst ofl'ender in the whole order is a field

species which is often to be met with in profusion amongst

Fig. 14.

—

Leptop-
fefna dolobrata

(magnified two
diameters).

grasses and other long herbage. It is called Leptopterna

dolobrata
; the male (Fig. 14) is a very handsome

insect, and differs a good deal from the female. It is long

and narrow, very variable in depth of colour, but with the

fore parts yellow marked with longitudinal

black bands, and the upper wings orange
variegated with dark streaks. The female
is much paler, being greenish-yellow, and
rarely has her wings fully developed.

The scent of this insect is most sickening,

especially that of the female, and I have
passed by places where the air has been
strongly impregnated with the smell,

though the insects were not nearer than
ten or twelve feet off, and many of

them much further than that. It is

hardly likely that an insect so nauseous
can have many enemies.

The evil repute of this order of insects

is to some extent redeemed by one
species, a sand- and heath-loving creature,

and no very distant relation of the

bed-bug itself. This insect (Coranus

subapterus) is very elegantly marked with a cool grey,

and smells strongly -with a fragrance which reminds one

of pears. It is exceedingly well protected by its great

similarity in colour to its surroundings, so that possibly

the smell in this case may be a guide to its mates as to its

whereabouts.

Amongst the Coleoptera, or beetles, there are species

equally renowned for their scent. The beautiful green

tiger beetles, which are such attractive adornments of

sunny banks in early summer, exhale, when captured, a

powerful and very agreeable odour, something like that of

sweetbrier. Considering that the insects are fiercely car-

nivorous, this is perhaps hardly what was to be expected.

That scents such as this are indeed independent of the

nature of the food is shown again in the musk beetle, a

very large dark-green insect with extremely long antennte.

The smell of this creature is not unUke that of the tiger

beetle, and equally agreeable, but its food is totally difl'ereut,

for the larva is an inhabitant of tree trunks, the solid wood
of which forms its daily diet. Thus we have a predaceous

beetle and a wood-feeder producing similar agreeable

scents, while other members of the family to which the

musk beetle belongs, though of quite similar habits, are

devoid of smell altogether.

In all the cases already noted the fluid secreted is so

extremely volatile that it is never seen to issue from the

insect, and its presence is only detected by the smell, but

in the cases now to be noticed the liquid is not so volatile,

and its emission is itself one of the most objectionable

features of the insect, even when the scent is not decidedly

disagreeable. The various species of ladybirds are well

known to emit from their mouth and other parts of the

body a yellow, oily, acrid liquid, which has a very strong

and disagreeable smell. This habit is paralleled, and in

some cases exceeded, by members of the Chrijsomelidir, or

golden apple beetles. The most noteworthy offender in

this group is a shining metallic blue beetle with red wing
covers, called Lina jiojnili. Its larva, which feeds on

poplar leaves, has two conical warts on the fore part of its

body, and two rows of smaller tubercles on the back and
down the sides, and fi-om all these warts, as well as from
the mouth and the joints of the legs, a horribly fcetid,

whitish fluid exudes when the creature is alarmed. Not-

withstanding the disgusting nature of these secretions, or

rather, perhaps, we should say because of this quality, they

were formerly considered to have valuable medicinal



198 KNOWLEDGE [September 1, 1894.

Fig. 15.—Elood_v-nose

Beetle {Tiw arcka
teneb-ricosa.')

properties, and are said to have been used as a specific

against toothache.

Closely allied to the golden apple beetles, and indeed

belonging to the same family, is the well-known " bloody-

nose beetle " {Timarcha tenthrkosa) (Fig. 15), which is a very

common insect on wayside banks in

limestone districts. It is a large and
heavy, slow moving, very convex,

black creature, faintly tinged with
blue, with broad feet, which are of

great service to it as it slowly crawls
over the herbage. Its popular name
arises from its disagreeable habit of

exuding from its mouth and from the
joints of its limbs a clear red liquid,

which reminds one somewhat of the

colour of the blood of a vertebrate.

Here, again, one can only imagine a

protective function in this liquid. The
appearance is the most objectionable

feature of this secretion, there being
no very strong smell attached to it. But such is not the

case with the predaceous ground beetles, or Carahuta, all

of which pour out a fa?tid black or brown liquid from the

mouth when handled. A similar habit is exhibited by
many carrion feeders, and in this case, as might be expected
from the nature of the food, the liquid is still more foul.

The evU odour of scavenger beetles, however, does not
always proceed fi'om the mouth. Among the rove beetles

there are many species that have a most repulsive odour,
and in their cases the glands are often situated at the
tail. The largest species of the group, Ocypus olem, the
" Devil's coach-horse," may be taken as an example. It

is a long, dull black creature, shaped something like a
gigantic earwig, attaining a length of upwards of an inch.

It is extremely active and remarkably courageous and
aggressive. It may often be seen running about at the
foot of brick walls, or by the side of pathways, where it is

provided with subterranean cavities for retreat if necessary.
But it is always prepared to show fight to any object,

however large, and if interfered with, at once faces the
intruder, and cocking up its tail, and raising its head,
glares open-jawed defiance at its opponent with an aspect
of the utmost ferocity. At the same time two milk-white
vesicles make their appearance at the tail, standing out in

bold relief on the dead black background of the body. A
very disagreeable odour proceeding from these vesicles is

soon perceptible, and makes one still less inclined than
before to press one's attentions on so formidable a being.

The larger water beetles, again, emit an extremely fcetid

fluid when handled, but of the whole tribe, none perhaps
is 30 repulsive as the little shining whirligig beetles

(Gyrinidce), whose mazy gyrations on the surface of still

water must be familiar to everyone. These little, highly
polished creatm-es have the power of exuding an oUy milk-
white liquid from various parts of their bodies, which,
spreading over their shiny black surface, gives them the
appearance of having been dipped in milk. So acrid is

this liquid that the beetles must be an extremely un-
desirable article of diet, and, as they spend their life at the
junction of two transparent media, air and water, each of
which is inhabited by predaceous and insectivorous beings,
their villainous secretion no doubt serves them in good
stead against both sub-aquatic and aerial foes, as well as
possibly improving their means of flotation.

One of the most remarkable of the numerous secretions
formed by beetles is that of the bombardier {Brachinus
crepitans) (Fig. 16). This is a small beetle with red head,
thorax, and legs, and bluish-grey wing covers. Itself

predaceous, it is nevertheless hunted by larger species

which desire to prey upon it, and as speed and agility are

unavailable against its larger and more active pursuers,

it has developed a sort of battery of stern-chase guns, by
the aid of which it can effect a Parthian retreat, and bring

about the discomfiture of its foes. When
attacked it elevates its tail, and discharges

therefi'om towards its assailant a small
quantity of a liquid which instantly vaporizes

with a slight explosion, and forms a bluish-

white cloud. The expulsion of the liquid

appears to require a certain amount offeree,

and so volatile is it, that if the insect be

killed by plunging it into boiling water, the

heat volatilizes the liquid while it is still

hardier Beetle within the abdomen, and causes the latter

{Brachinus to Swell out to a considerable size. This
crepitans), insect is to be found not imfrequently in

Zmeters
^''° *^^ ^"^""^^ °^ England, under stones, by the

banks of streams, &c. Its secretion is a

which acts as an irritant when applied to

Fio. 16. — Bom-

strong acid,

the skin.
{To he continued.)

THE WANDERINGS OF A SUNSPOT.
By E. Walter Maunder, Hon. Sec, R.A.S., Physical

Superintendent Royal Observatory, Greenwich.

DR.
A. BRESTER, in his interesting " Theory of

the Sun," first published in 1888, and to which
he has again recently invited attention, speaks of

the singular manner in which spots are apt to

move forward during the stage of growth. Quoting

from Prof. Young, he writes ;
" Every time a spot undergoes

sudden changes it ordinarily advances on the solar surface

by making a sort of leap." I do not propose to discuss

Dr. Brester's theory—at any rate on the present occasion

—

but it seems to me that the proper motion of a sunspot

deserves a little more particular description than the above

sentence supplies, and, if I interpret the phenomenon
rightly, it fails to afford Dr. Bresterthat confirmation of his

theory which he supposes.

Forward motion in a spot is certainly the kind of move-
ment which most readily attracts attention. It is a very

ordinary phenomenon of a particularly interesting type of

group, viz., the " trains " and " streams," to use Miss
Brown's nomenclature. A "train" or "stream" is "a
group of spots following each other in succession, having

nearly the same latitude, but varying in area and form."

When these spots are of considerable size and are not

closely connected, the group is called a "train." When
the constituents of the group are smaller and less widely

separated, the group is termed a " stream."

A train or stream frequently shows itself first as a pair

of small spots. The preceding spot of the pair will then

move forward at a much quicker pace than its companion,
and new spots will break out around those first seen,

and especially along the line connecting them. The first

and last spots grow rapidly, but usually present different

characteristics ; the leader being circular and sharply

defined, with dark central nucleus, whilst the spot in the

rear is much more irregular in outline, not so dark in tone,

and with a smaller and more broken nucleus. As the leader

spot is the more definite and regular, and as it pushes its

way quickly forward whilst the rear-guard either halts

entirely, or even moves slowly backwards, its motion
naturally attracts great attention. This period of forward

motion is also very commonly one of rapid growth, and as

both phenomena are very frequently observed, it has no
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doubt given rise to the idea expressed in the quotation

which Dr. Brester makes from Prof. Young.
But though this is typical of the behaviour of a large

number of groups, we must not associate the growth and
forward motion of the leader spot too closely together, and
it certainly is not motion of the nature of a " leap." It

will often happen that in a growing " train " the last spot

wiE increase even more rapidly than the leader, whilst the

leader will often continue its motion forward at a rapid but

equable pace some considerable time after it has reached

its greatest extension. Nor is the very opposite phenomenon
unknown, viz., that of a recession in longitude during the

development of a group.

An actual example will, however, convey much more
information than mere general description, and for this we
will turn to the last volume of Greenwich Ohservtitions.

Here we find that a simple form of train took its rise on
October IHth, 1891 (No. 232.5), and, developing rapidly, was
observed till it reached the west limb on October 25th. On
the first day of observation only two small well-defined spots

were seen, their total area only nineteen of the Greenwich
units (millionths of the sun's visible hemisphere). By the

next day a number of spots were seen, and the total area

was one hundred and one units, the increase being
principally in the case of the preceding of the two spots of

the day before, which had increased from eight to seventy-

three units. The third day showed the group at its

maximum area of three hundred and twenty units. It

now consisted of two great spots. A few spots were seen
between the two, linking them as it were together, on the

succeeding days, but the first and last spots, the giants of

the group, were slowly diminishing the while. By October
23rd the last spot had broken up, and it dwindled with
great rapidity, and by October 2.5th the leader spot alone

remained, a solitary spot.

But though the increase in size took place entirely

between October 16th and 18th, the drift apart of the two
principal spots continued right on to the time of the break-

up of the following spot on October 23rd. As the following

little table wiU show, the movement lay almost entirely

with the leader, the following spot remaining almost
stationary, for the apparent change in longitude near the

beginning and end of its career may at least be partly

attributable to its growth and decline taking place not
quite symmetrically :

—

Date. Heliographic Longitude.

1891. Spoto. Spot J. a—b.

October 16 B30-l° 327-3^ 2-8°

„ 17 331-1 328-0 3-1

„ 18 333-2 328-1 5-1

„ 19 334-2 327-5 6-7

„ 20 335-6 327-5 8-1

„ 21 336-5 327-6 8-9

,, 22 337-2 327-4 9-8

,, 23 337-3 327-1 10-2

„ 24 837-8 327-7 10-1

In groups which have been longer under observation

than the above, it has sometimes been the case that the

disappearance of the following portion of the group has
been followed by a backward drift of the leader spot. In
the present case the group died out whilst in the unseen
hemisphere, but another group, which appeared in 1891,
shows this retrogression in a slight degree. The group
(No. 2255) was a fine train at its first appearance on
July 8th. The forward impulse was still active in the

leader, a well-defined circular spot, as the following
longitudes, taken on ifuly 9th and the succeeding days,

sufficiently show :—177-0°, 178-8^ 179-7°, 180-3°, 181-6°,

181-8°, 182-5°. Here, however, its progress stopped. The

retinue of small spots that had attended it hitherto had
all but disappeai-ed by the following day, and though the

leader itself continued still to grow until it reached the

west limb on .July 20th, the longitudes recorded for it show
no stable progress, but are accordant almost within the

limits of error of observation for so large a spot, the mean
place being 182-4^. A fortnight later the group was again

seen at the east limb as No. 2277 ; the retinue had entirely

disappeared, and the leader of the former apparition

appeared alone. The longitude had scarcely altered from
that it had on July 20th, being 183-1° as against 182-6°

;

the advance during an entire fortnight amounting only to

half a degree. It was now slowly diminishing in size, its

areas on succeeding days reading as 221, 221, 198, 190,

195, 185, 185, 177, 162, 140, 172, 107, and 104. In strict

correspondence with this diminution in area was a decline

in longitude, the readings for the same period being 183-1,

182-7^ 182-7, 182-5°, 182-4°, 182-2°, 181-9°, 181-7°, 181-6^
181-2°, 181-3°, 181-5\ and 181-0°, the ephemeral recovery

in area on August 14th being accompanied by a feeble but

longer-hved return in longitude.

A more complicated movement was witnessed in the

group numbered at its successive returns as 2256, 2278,

2294, and 2311. Nothing is more striking in the case of

a considerable disturbance than to see it repeat itself as it

were in another latitude, and an active train will often be

accompanied by a feebler copy of itself a few degrees north

or south. An outbreak of the first magnitude, indeed, will

reproduce itself in several directions, and will be both

preceded and followed by small groups on the same Une of

latitude, whilst other groups will form between it and the

equator, but on the same meridian.

In the present instance, groups 2255 and 2256 both lay

on the same meridian and were of very equal dimensions ;

the more northern group, as of longer duration than its

companion, having perhaps the better right to be considered

the principal. As in the October group (No. 2325), the

train consisted principally of two great spots, and the

second of these remained almost stationary, its longitudes

reading as 168-5°, 168-2°, 168-2°, 168-0°, 168-1°, 168-3°,

168-4°, and 168-4° on July 11th and the succeeding days.

The leader during the same period had shown a slight ten-

dency to advance, its position varying as follows :—174-4°,

174-8°, 174-9°, 175-6°, 176-3°, 175-7°, 175-7°, 176-3°. The
leader attained its maximum on July 12th, the rear-guard

on July 13th, but the latter had broken up by July 15th,*

and it dwindled rapidly. Its decay was accompanied by a

check to the advance of the leader, and by a sudden increase

in size, but after the disappearance of the rear spot the

leader again moved forward, its longitudes for July 18th,

19th, and 20th being 176-3°, 176-9°, and 177-8°, but its

area again steadily diminishing. Here, then, two periods

of contraction were associated with a steady advance, but

a sudden expansion with a halt and slight retrogression.

At its return, as group 2278, the leader was foimd in

longitude 179-7°. It had considerably increased in size

—

from one himdred and eight to three hundred and five

units—and was alone but for the presence of a faint area

apparently recently separated from its penumbra. During
this apparition the spot steadily moved backward in longi-

tude, and, with some slight irregularities, on the whole
decreased in area. The longitudes ran 179-7°, 179-0°,

178-3°, 178-1°, 177-4°, 177-2°, 177-0, 176-8°, 176-8°

176-5°, 176-1°, 175-9° and 175-3°.

The group was seen during the two nest rotations ; from

August 31st to September 13th as No. 2294, and from

* The letter b for the reir spot is retained after its diTision in the

Greenwich fiesults for its preceding portion.
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September 28th to October 10th as No. 2311. As
No. 2294 it pursued an erratic course, moving irregularly

backwards and forwards over a small area, and was last

seen at the west limb of the -sun on nearly the same meri-

dian as that on which it had been first seen on the east

limb. But during the next fortnight, whilst m the unseen

hemisphere, it had drifted backwards at a very rapid pace,

a drift which still continued during its final apparition as

No. 2811, and the group first seen on .July 9th in longitude

175-1° was last seen on October 10th in longitude 168-1^.

The accompanying diagram exhibits separately the

motion of the circular leader spot taken by itself, and of

the centre of gravity of the entire group. The minuter
irregularities are possibly due to errors of observation, a

discrepancy of one or two tenths of a degree being readily

admissible in the estimation of the centre of a spot some

backwards along a course as even and straight as it had
previously been erratic.

It would be tedious rather than instructive to multiply

examples of this forward and backward movement of spot

groups, which is extremely typical of the greater and more
long - Uved disturbances. The instance selected is an

ordinary one, and might be matched by the dozen. But

to my mind this extension of a group in longitude, tUl fi'om

being one or two degrees in length it becomes ten or twelve

degrees, the sympathy often manifested between the

extreme spots of a much extended group, and the tendency

of a group to return to its original meridian as it approaches

dissolution, are plain indications that the cause of the

outbreak is something very deeply seated in the sim,

whether the actual spots be deep or not.

In other words, in spite of the obstacles which the solar
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three degrees in diameter, and still more so in the com-

putation of the centre of gravity of an irregular group

which sometimes straggled over more than ten degrees.

But it would rather appear that they are real, for it wiU be

noted that, except during the first development of the

group, the cun-e for the euthe group is actually smoother

than for the leader alone. In other words, the waxing

and waning of the spots in the after part of the group, and

their osciUations of position, were so instantly responded to

by a partially compensating motion of the leader, that the

group, considered as a whole, kept a more even course

than the single spot. This was especially the case

during the third rotation, when the leader followed a

particularly zigzag path so long as it had a train of

attendants. When these had all disappeared it moved

gravity and the rapid increase of temperature with depth

place upon vertical disturbance in the sun, vertical dis-

turbance and disturbance from a gi-eat depth is just the

very thing which the greater sunspots evidence.

The groups we have taken as examples were only of the

third or fourth order of magnitude, yet they furnish us

with instances of spots with areas of two hundred or three

hundred milUons of square miles, moving at a speed of

from two hundred to four hundred miles an hour. There

can be no question of a calm atmosphere where move-

ments of this order are in frequent progress. Our wildest

tornadoes would appear but as zephyrs in comparison.

The argument, therefore, that the solar atmosphere must

be quiescent, because the external causes of storms and

cyclones at work upon the earth are absent there, is not
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valid. AVhatever the cause, disturbances of greater energy,

and on a vastly greater scale than anything we witness

here, are manifestly in continual operation.

One other point should be noted. The forward motion
of the group was considerably greater than the longitudes

given above would indicate, for they were computed with

an assumed rotation period of '25'38 days ; but this period

corresponds, according to CarrLngton's law, to a latitude

of 15°. For spots in north latitude 25°, the daily angular

rotation should be 831' instead of 851', and the group on
October 10th should have been some 27° behind its place on
July 10th, instead of not quite one-tenth of that distance.

The movements of the group in a forward direction were
therefore one hundred miles an hour swifter, as compared
with the photosphere in that latitude, than the foregoing

figures would indicate.

It may also be pointed out, as showing how difficult it

is to obtain a satisfactory determination of the solar rota-

tion from the suuspots, that the group in question would
give a different value for the rotation period from each of

its four apparitions and from each of the three periods

during which it is in the further hemisphere. And that,

further, we should get different periods from the group as

a whole, and from the stable and well-defined leader spot,

which always constituted its principal member. Two of

these values, as given by the leader spot, would correspond
closely to the theoretical rotation for the latitude ; the

others would all be much shorter, as this table shows :

—

Limiting Dates.

July 11-July 20
July 20-August 4

August 4-August 16

August IG-September 1

September 1-September 13

September 13-September 28

September 28-October 10

This question of the rotation period for different latitudes

renders it a difficult matter to trace with certainty an

interrupted disturbance. Yet it is not uncommon, when
the site of some great outbreak is traced back for two or

three rotations, to find that it has for a long time past

been the seat of short-lived displays. Thus, the chief

group of 1891, No. 2293, had its centre in longitude 221-5

and north latitude 21-8" during its greatest development,

August 29th to September 10th. The following table will

show how, for several months before, outbreaks of varying

importance and duration had been common in the same
locaUty :

—

No. of (rroup. Limiting Dates.

2298 August 29-September 10

2272 August 1-10

2254 July 6-17

2240 June 17-20
2235 June 10-20
2222 May 22-25

2218 May 16

2203 April 19-25

Similarly, after the dissolution of the group a number of

short-lived groups were scattered over the entire region

which it had occupied.

No. of Group. Limiting Dates.

2306 September 24-October 5

2828 October 22-November 2

2329 October 23-30
2330 October 24-27
2835 October 28-November 2

Eotation Period.
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primarily accompanying the deposition of tlie gold. Of
the entire list, however, there was not a single one that is

not well known to be i^roducible by deposition from
solution, whilst the true volcanic series are conspicuously
absent. After all, however, the soundest argument on
this point is from analogy, and if there were no other
evidence forthcoming, it would yet be safe to conclude
that gold, like the other constituents of mineral veins, has
found its way into them in solution. When we find
crystaUine particles of gold in the midst of a vein filled

with crystalline quartz, which we know to have been
deposited from solution and not injected in a state of
fusion, the inevitable conclusion is that the gold, too, was
precipitated from solution, and probably even from the
same solution as that which held the quartz dissolved.
It is therefore satisfactory to be able to confirm Prof.
Lobley's views as to the non-igneous origin of gold by
means of a totally different line of argument.

With respect, however, to Prof. Lobley's next step, in

which the ocean is looked upon as the source of this gold,

the proposition becomes far more open to debate ; which-
ever view we now take, there are difficulties on every side,

and the problem assumes such a degree of complexity
that its complete solution in the present state of our
knowledge is out of the question. It is just possible to

suppose that sea water could find its way directly into

fissures of the eartli's crust ; nevertheless, direct deposition

of the gold from its solution in sea water is pretty well
out of the question. In the first place, it is rather difficult

to conceive of any system of circulation by which sea water
should directly find its way into fissures that were being
at the same time filled with a deposit of silica from other
sources. Quite apart from the scientific interest of the
question, the practical conclusions that would follow from
the acceptance of this theory are so far-reaching that they
cannot be assented to without the strongest possible

proofs. It is fairly clear that if the gold of mineral veins

were derived directly from the sea—that is to say, if the
descensionists' theory in this form is the correct one—the
upper parts of gold veins would be the richest. It is

quite true that there is frequently a superficial enrichment
of auriferous veins near the surface, due to combined
physical and chemical causes, to the concentration, in this

portion of the reefs, of the gold derived from the degradation
in time past of stiU higher-lying portions now denuded
away, such degradation having, of course, occurred
subsequently to the consolidation and upheaval of the
vein, together with the surrounding strata. It is also

true that the upper portions of reefs are mostly richer in

free gold than the lower-seated portions, but this again is

only due to the oxidation by atmospheric agencies of the
previously existing pyrites with which the gold was
intimately combined. The total tenour of gold in the vein
is not necessarily affected by this latter change, and upon
the whole there is no evidence whatever that gold
veins become progressively poorer as we go down deeper
upon them. Practical gold miners are fond of saying that
gold reefs improve in depth, but practical gold miners are

a sanguine race, and it seems but too probable that in the

majority of cases it is the "wish that is father to the
thought." Instances can, no doubt, be quoted where gold
mines, like other mines, have improved in depth, but this

must by no means be interpreted into a general law. The
richness of gold reefs varies in their vertical as it does in

their horizontal extension, but not regularly ; in the
present state of our knowledge it would be unsafe to

predicate more.
According to Prof. Lobley's view, however, sea water is

not the direct but the indirect source of the gold of quartz

veins. If we admit as proven that sea water contains gold

in solution—and the balance of evidence appears, perhaps,

to be in favour of this view, althovigh it is by no means easy

to speak with certainty when such minute quantities are

in question"—the gold most probably exists therein as a

-haloid salt, possibly as a double chloride of gold and
sodium or potassium. This, although one of the most
stable salts of gold, is nevertheless so readily decomposable
by every reducing agent, including light and a comparatively

low degree of heat, that it would be quite inconceivable

that metallic gold should not be deposited from this sea

water, together with the sedimentary rocks forming on the

sea bottom, if it is allowable to take the ordinary labora-

tory reactions of gold salts as our guide. Modern chemical
research has, however, shown that the efifect of mass
action is too important to be disregarded, and that solutions

of extreme tenuity are subject to laws differing widely

from those governing the ordinary solutions with which
the chemist is in the habit of dealing. Moreover, we are

confronted by the difficulty that if this gold were preci-

pitable in the usual way, there would be none left in the

ocean, unless it were being redissolved as fast as it was
precipitated. The fact, if it be a fact, that the ocean

everywhere contains a minute but approximately uniform
quantity of gold, is in reality a fairly good proof that this

gold is not being precipitated. Having regard to the

circumstance that very many rock masses have been proved

to contain minute quantities of gold, it is, moreover, quite

unnecessary to go back to the ocean for a known source of

this metal. The evidence that gold does occur in various

rocks seems to be tolerably complete, and its presence

has been detected not only La sedimentary but also in

eruptive rocks. Whatever may be said about sedimentary

strata, eruptive rocks cannot well be supposed to have
obtained the gold they contain from sea water. In fine,

reviewing the facts before us a whole, it seems far more
probable that whatever gold is contained in the ocean has

been leached out of rocks, than that the rocks have derived

their gold from the ocean.

We have so far cleared up two distinct points in our

investigation, and are justified in assuming—firstly, that

the gold of veins was introduced in solution, and secondly,

that its source may probably be traced to various rocks

of the earth's crust, and very possibly deep-seated ones,

such as eruptive rocks must have been originally. Two
other points yet remain : How was the gold dissolved out

of the rocks in which it existed ? and how was it dejiosited

from such solution ? To these latter two queries I fear

that our answer will have to be less definite than to the

former ones, much of our knowledge, if knowledge it is,

being only inferential. If we consider a fissure in the

earth's crust, lying below the region of the superficial

currents of underground water—the " vadose circulation
"

of Posepny—we must La the first place look upon it as

necessarily filled with water, and in the second place we
must suppose this water to be La motion. The pressure Lii

the fissure will probably be less than in the deeper-lying

and adjacent rock-masses, and the greater temperature of

the lower parts of the fissure wLll give rise to convection

* Whilst these pages were passing through the press, I

received a copy of the presidential address of Mr. Stanford to the

Society of Chemical Industry, delivered in July, in which that

gentleman says :
" ^o analysis can give us any idea of what the

ocean really contains. . . . The presence of gold has not been

satisfactorily proved ; it was expected it might accumulate in the

copper sheathing of ships, and Messrs. Muntz obliged me with

specimens of old sheathing, both copper and Muntz metal. Mr. IngUs,

who kindly examined these for me, found both gold and silver, but

not in larger proportion than usual."

—

(Journ. Soc, Cheni. Ind., \o\.

XIII., No. 7, p. 697). H. L.
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currents carrying the lower water to the upper portions of

the fissures ; other water must descend to take the place

of that so driven upwards, and thus a deep circulation

will be maintained, aided, no doubt, by inequalities of

pressure and capillary action. These water currents

would evidently suffice for the conveyance of dissolved

gold into the fissures, if we can account chemically for its

solution. It must not be forgotten that we have no actual

knowledge of the behaviour of substances under such con-

ditions of intense temperature and pressure as prevail in

the deeper regions of the earth, and that we are compelled

to reason from our laboratory experiments, which may,
however, be leading us directly away from the truth.

With this proviso, it is not difficult to imagine conditions

under which gold may pass into solution. The most per-

manent soluble salts of gold are the haloid salts, and it

has usually been assumed that it is in this form that gold

occurs dissolved in Nature. In the paper already referred

to, I suggested that it is far more probable that the gold is

dissolved in the form of an alkaline aurate. It is well

known that fused alkalies, in the presence of air or of an
oxidizing agent like nitre, attack gold, forming an aurate

soluble in water, and also that many natural waters are

strongly alkaline. Perhaps the strongest argument in

favour of this view is the invariable association of gold

with quartz, an association too invariable to be accidental

;

so that it seems natural to suppose that the solvent

that carried the quartz into the fissure carried the

gold also. I personally prefer this explanation, which
rests upon reactions and compounds that we know, to

imagining a hypothetical soluble silicate of gold that may
or may not exist. It presents, moreover, distinct analogies

to another mode of solution of gold, of which we have
positive evidence—its solution as a sulph-aurate in the

two localities already quoted, Steamboat Springs and
Sulphur Bank. Both these localities have been repeatedly

described by writers on the genesis of mineral deposits

;

nevertheless, a few lines about them, with reference more
particularly to the question we are now considering, may
prove of interest. The best account of both is to be found
in Becker's monograph on the geology of the quicksilver

deposits of the Pacific slope in the Uyiited States Geological

Survey, Vol. XIII. (1888) ; J. Le Conte has also written on
the subject in the American Journal of Science, Vols. XXIV.
and XXV. Steamboat Springs is the name given to a

small district in Washoe Coimty, Nevada, well known as a

thermal health resort, some six miles from the Comstock
lode. The underlying rock of the district is granite,

which is overlaid in many places by metamorphosed rocks

of the Jurassic system and by lavas. The springs issue

from a series of vents in a narrow valley between two
volcanic ridges, the waters being very hot, alkaUne, and
charged with carbonic acid and sulphuretted hydrogen.
Analysis has shown that these waters contain traces of

many metals, amongst them gold. The vents out of

which the water comes are the remains of a series of

extensive fissures, which are now nearly choked up by
having been filled with silica deposited by the springs

themselves. These deposits are " in many places stained

and clouded with metals. ... In places where there is

water still issuing slowly, silica is found in a gelatinous

condition. . . . Here then, undoubtedly, mineral veins

are now forming under our eyes, but their metallic contents

are in very small proportion " (Le Conte, loc. cit.). It is

noteworthy that cinnabar has been mined in the immediate
neighbourhood, and that the deposits of this mineral are

evidently closely connected with the springs themselves. The
phenomena at Sulphur Bank, California, closely resemble
the foregoing. The country rock consists of Neocomian

sandstones and a series of metamorphic rocks, intersected

by eruptive basalts. There are numerous hot mineral

springs carrying alkalies and alkaline sulphides in solution,

associated with a series of deposits of cinnabar and silica,

crystalUzed and amorphous. These latter have been
mined, and streams of heated water and gases were met
with in the course of the operations. The deposits occur

both in the sandstones and the basalts. Other sulphides

are present besides cinnabar, and these have been shown
to contain gold. Most geologists who have studied these

deposits are of the opinion that their formation has not

yet ceased. Becker thus summarizes his views on both
these deposits : "I regard many of the gold veins of

California as having an origin entirely similar to that

of the quicksilver deposits. . . . The evidence is over-

whelming that the cinnabar, pyrite and gold of the quick-

silver mines of the Pacific slope reached their present

positions in hot solutions of double sulphides, which were
leached out from masses underlying the granite or from
the granite itself" [op. cit., pp. 449, 450). In both these

localities, therefore, gold has been pretty conclusively

proved to be in the course of deposition from hot alkaline

sulphuretted solutions, in which there is little doubt that

the gold is dissolved as a double sulphide of gold and an

alkali, or, in other words, as an alkaline sulph-aurate.

Apart, therefore, from the doubt thrown at the outset upon
any theories based upon our laboratory experience, there

seems to be little difficulty in accounting for the solubility

of gold at depths far beneath the earth's surface.

The last stage of the process is also the most difficult of

explanation. Given that the gold is in solution, we have

to account for its deposition in the fissure under circum-

stances that do not admit of its re-solution in the same
water current. Perhaps the wisest course is simply to

confess our ignorance whilst suggesting tentatively a few

plausible hypotheses. Of course the solution, when it

enters the fissure, contains a number of other substances,

notably siUca, in solution besides the gold, and whatever
cause determined the deposition of these substances most
probably precipitated the gold also. For all we know, this

cause may have been some electrolytic action. Or again,

if temperature and pressure are requisite for the retention

in solution of the various substances, these latter would
naturally be deposited when the solution found its way
into the upper parts of the fissure, where the pressure

would be lower and the temperature would be gradually

decreasing as the solution rose upwards. It is easy to

imagine the mixture in the fissure of the original solution

with another which might contain dissolved in it various

reducing agents. Or, if the fissure already contained

particles of various metallic sulphides, these would
precipitate gold readily from such a solution as the one

described above. I have proved experimentally that

natural sulphides, such as galena and iron pyrites, pre-

cipitate gold readily from a solution of an alkaline

aurate. The simultaneous deposition of such a metallic

sulphide and of gold from a sulph-aurate would probably

account for the intimate state of combination of gold with

various " sulphurets," which, to his sorrow, the primitive

gold miner knew but too well, and to extract the precious

metal from which, all the resources of modern scientific

metallurgy are needed.

Any of the above hypotheses are admissible as possibly

correct explanations, though it is hardly safe to say any-

thing more than this La their favour. It is more than

probable that no one simple reaction can account for all

the various occurrences of gold in veins, and that whilst

the above may all be valid hypotheses, there are probably

many other causes of precipitation besides those enumerated.
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There is no branch of geology less advanced at the

present day than geological chemistry, to -which subject

this sketch of the genesis of gold reefs properly belongs.

At nearly every step we are groping in the dark, -with but

faint gleams of light from experimental science—the only

safe guide we can have—to show us the way that we should

attempt to follow. And whilst none can be more sensible

than myself of the numerous defects and shortcomings in

the theory here presented, I venture to hope that even the

mere attempt to put together the different hypotheses on

the subject may have its value, were it only in accentuating

the extent of our ignorance.

WHAT IS A STAR CLUSTER?
By A. C. E.ujYAED.

ACCOEDING to the generally received nebular

hypothesis, our sim and the luminous stars have

been formed by the condensation of nebulous

masses. Kant, Sir William Herschel, La Place,

and the other earlier exponents of the nebular

hypothesis who lived before the great principle of the

conservation of energy had been propounded, assumed

that the nebular masses must, when originally distributed

in space, have been intensely heated to a far higher

temperature than the luminous stars which were evolved

from them.
The great difficulty of conceiving of a hot nucleus re-

maining after ages of radiation into space from the vast

surface of a nebular mass does not seem to have occurred

to these earlier theorists, or, if it occurred to them, the

difficulty was swept on one side by assuming a still higher

temperature for the parent nebulous mass. But when the

mechanical equivalence of heat with other forms of energy

was demonstrated, it became evident that the heat of the

condensed nucleus might be derived from the motion of

the nebulous particles colliding with one another during

condensation. Thus a method of accounting for the great

heat and light of the stars was offered, and the popularity

of the nebular hypothesis was greatly enhanced.

It seemed reasonable to suppose that we should find

large and small nebulous masses in all stages of con-

densation. The large and irregular nebulie were pointed

to as nebulous masses which were in the earliest stages of

condensation. Nebulous stars were supposed to be in an

intermediate stage, and ordinary stars were in a still later

stage, approaching a condition in which they would cease

to shine as incandescent bodies. But if the ordinary

assumptions of the nebular hypothesis were true, the

earlier stages of condensation would occupy a much longer

period than the final stages, and we might expect to find

a much greater number of oblate nebulous spheroids (such

as the hypothesis of La Place assumes) than of stars in

the later stages of condensation before their incandescent

condition had passed away. It could hardly be urged that

the stars and nebulous condensing masses were all so far

removed from us that they all equally appeared as stellar

points of light ; for incandescent spherical masses, com-
parable in diameter with the orbit of Nejitune, or even with

the orbits of Saturn or Jupiter, would in our larger tele-

scopes present very recognizable discs if they were situated

at distances from us ten or fifteen times as great as the

space which separates us from our nearest stellar neigh-

bours.

While there are millions on millions of stellar points

of light to be observed in the heavens, the number of

spherical nebulous masses revealed by the telescope is com-

paratively few, a fact which may be reconciled with the

nebular hypothesis by assuming that the condensing

masses only commence to be incandescent when they have
shi'unk to diameters of a few million miles, and that in the

earlier stages of incandescence the nebulous matter is cold

and dark, or only glows at a faint red heat, which is not

sufficiently bright to render the nebulous mass visible at a

distance.

There are also a few nebulous rings and spirals

which shine with a faint nebulosity in the heavens, and a

great many nebulie of very irregular form generally sur-

rounding stars or associated with groups of stars, in a

manner which would seem to indicate that the nebulous

matter had issued from the stars rather than that it is

condensing about them, for frequently there are arms of

nebulosity or nebulous structures which appear to spring

from the place occupied by a star or group of stars within

the nebula. Such nebulfe would seem to present a closer

analogy with the solar corona than v/ith the fiery con-

densing mists conceived of by La Place.

The form of the coronal structures about our sun indi-

cates that the coronal matter has issued from the sun, and
though we may, no doubt, assume that the matter which
is shot forth from the sun, as a general rule, returns to it

again, the brighter structures of the corona seem to indi-

cate by their form that they are composed of matter on

its outward course, that is, in its hot condition, as it is

shot upward from the sun. There are no coronal struc-

tures the form of which indicates a downward flow of

matter, and it seems, therefore, reasonable to assume either

that the coronal matter returns to the sun as a uniform

mist or that it returns in a comparatively non-luminous

form.

There seems to be a very close analogy between the

irregular nebula and star clusters. Eecent photographs

indicate that most star clusters are nebulous, or contain

whisps of faint nebulosity, and the irregular nebulie are all

associated with groups or clusters of stars. Irregular

nebula?, as well as star clusters, are distributed along

the region of the Milky Way, and seem in some way to be

associated with it, while the smaller and regular nebulas

have a tendency to cluster in the poles of the JMilky Way.
If the nebulous matter of the large and irregular nebulie

has been shot forth from stars, it seems to follow that

the nebulous matter of star clusters has had its origin in

the stars of the cluster rather than that the stars of the

cluster have condensed from the nebulous matter.

Prof. George Darwiu pointed out some four or five years

ago that if two solid bodies were to collide with planetary

velocities, such a rapid evolution of gas would take place,

by reason of the heat developed at the region of contact,

that the bodies would rebound from one another almost as

if they were perfectly elastic bodies. If the moving bodies

were liquid or gaseous, no doubt a similar evolution of heat at

the region of contact would take place, causing an elastic

rebound, and it seems not improbable that within a short

period after such a collision the gaseous matter evolved at

the region of contact would be distributed in space between

the rebounding bodies, forming as it were a nebulous

ligature between them ; but it seems difficult to account on

this theory for a line of stars joined by nebulosity such as

we find in the Pleiades, or for a series of stars in a curving

line ligatured together by a band of nebulosity. Such
curving prominence-like forms as are shown in Fig. 1, or

the branching form shown in Fig. 5, seem rather to in-

dicate that the matter which is now luminous has been

shot out as a gaseous stream, and that the luminous

matter has subsequently aggregated into luminous

masses.

The very beautiful pictures of the Hercules cluster which
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THE CLUSTER IN HERCULES (MESSIER 13).

Enlarged from a Photograph taken by ilr. W. E. Wilson, of Daroniona, Co. Westmeath, Ireland, with a silver-on-glass vellector

by Sir H. G-RrEB, of twenty-fonr inches aperture, and ten feet six inches focal length. Photograph taken August oth. lS9t.

Exposure, one Iiour.
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illustrate this paper have been reproduced from photo-
graphs given me by Mr. W. E. Wilson, of Daromoua.
The light-grasping power of Mr. Wilson's instrument

is so great that, with only an hour's exposure, smaller
stars and a considerably larger area of nebu-
losity have left their imprint upon the photo-
graphic plate than are to be traced upon the
photographs made at the Lick and Paris

observatories with exposures three times as

long. Therefore, in comparing these photo-
graphs of the Hercules cluster with the photo-
graphs pubUshed in the June number of

Knowledge for 1893, the reader must bear in

mind that the structures and star-streams

which appear to project from the edge of the
spherical cluster in the Lick and Paris photo-

graphs are in Mr.
Wilson's photo-
graphs to be found
imbedded in nebu-
losity at some dis-

tance below the

boundary where in-

dividual stars be-

come separately

visible.

This wUl be more
clearly recognized if

v.vawi we take an example

;

Fig. 1.—Promiuence-like thus,the prominence-
Structure, from photograph like structure shown
by the Brothers Henry.

^^ p-„_ 1, which in

the Henry photograph projects from the upper
part of the nebulous mass, will be found in the

Wilson photographs imbedded in nebulosity.

The scale on which the Wilson photograph
is here reproduced is smaller than that

of Fig. 1, so that the prominence - like

structure about corresponds with the scale of Fig. 4.

This structure, as seen in Mr. Wilson's photographp, is

horizontally across the page. It is one of the three dark
lanes, diverging from a point, which were first noted by the
Earl of Eosse, and have been described by Webb and several

observers since his day. These diverging dark lanes are

Fig

Fig. 4.—Prominenee-
like Structure. Ke-
producecl from the

Henry photograph.

Fia. 2.—Untouched etched block made from a photograpli of
the Cluster in Hercules taken by the Brothers Henrv on the
23rd June, 1886.

somewhat interfered with by a dark bar or lane extending

— Untouched etched block made from a photograph of the Hercules

Cluster taken by Mr. W. E. Wilson on the 5th August, 1894.

pretty obvious when the cluster is

observed in a large telescope. It wiU
be noticed that the outer lane (which

is nearly radial with the centre of the

cluster) is much the most marked of

the three, as shown in Mr. Wilson's

photographs, and that there are some
small, branching, dark structures

which diverge from it on either hand.

Mr. Wilson's photographs also show
several other small dark areas within the cluster, which
should be compared with the dark areas within the

.'. Centauri cluster, a photograph of which is reproduced

in Knowledge for May, 1893. Ikit one of the most
interesting features in Mr. Wilson's

photographs is that many of the stars

in the outer parts of the cluster are

distinctly seen upon the photographs

to be united by ligatures of nebulosity.

It has been very difficult to reproduce

these nebulous ligatures in the etched

blocks or in the collotype plate. They
are, perhaps, most marked and easily

recognizable in the upper right hand
quadrant (see Fig. 3). But there is

no doubt about their existence, and
in the silver prints and platinotype

prints made from Mr. Wilson's original enlargements they
are very clearly shown. Mr. Wilson himself has no doubt
as to their actual existence ; that is, he believes that they

are not due to any optical or photographic defect.

Fit. -^ llrancliing

Structure, from photo-
grapli by the Brothers
Henrv.
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It will be remembered that in the enlargements from the

Henry photographs similar nebulous ligatures between
stars were observable, joining them up into branching
streams radiating outwards from the central regions of

the cluster. We therefore appear to have corroborative

evidence in these photographs by Mr. Wilson, proving
that in both the inner and outer parts of the cluster the

stars are physically connected with one another in streams
which seem to be radially arranged with respect to the

centre of the cluster, and that these streams of stars

linked together by nebulosity are intimately associated with
streams or patches of the light-absorbing material which
gives rise to the dark lanes or patches.

PHOTOGRAPHS OF RORDAME'S COMET.
The photograph of Kordame's comet, published in the

•July number of Knowledge, is referred to as having been
sent to me by Mr. ,J. N. Cobb, of Philadelphia, who
obtained it from Mr. Alfred Rordame, of Salt Lake City,

Utah. I have since learned, by letters received from Mr.
Eordame as well as from Mr. Cobb, that the photograph
was taken by Prof. W. J. Hussey, when on a visit to

Mount Hamilton, with the Crocker telesco^^e of the Lick
Observatory. Prof. Hussey has also kindly sent me glass

transparencies of five other photographs of Rordame's
comet, making in all six photographs, obtained by Prof.

Hussey on the 12th, 13th, 14th, loth, 16th and 18th of July,

1893. I have reproduced three of the glass transparencies

on the accompanying plate. The photograph taken on the
13th was reproduced in the July number, and those taken
on the 1.5th and IGth have arrived in a scratched condition,

which makes them unsuitable for reproduction, but they
form a most interesting series, illustrating the great
rapidity with which the tails of small comets vary in form
from day to day. For the purposes of reproduction silver

prints or platinotypes from the original negatives are
generally preferable to copies on glass, which are very apt
to get injured. The streamers of the tail appear to issue

from the centre of the nucleus, and not from either side of
the envelopes about the comet's head, as the drawings of

some of the larger comets would lead one to suppose, but
this may possibly be due to photographic irradiation, which
causes the bright nucleus and surrounding envelopes of

the comet's head to appear on the photographs larger than
they really are.

Notices of Boofes.

Celestial Objects for Common Telescopes. Vol. II. Fifth

Edition ; revised and greatly enlarged by the Rev. T. E.
Espin, M.A., F.R.A.S. (Longmans, Green & Co., 1894.)
The re-editing and bringing up to date of this valuable
book must have been a very diiEoult task, but Mr. Espin
has accomplished it with great tact and discretion, leaving
sufficient of the original matter unaltered to preserve the
charm of Prebendary Webb's style, and yet adding suffi-

ciently to the text and in foot-notes to bring the work
abreast with the time. The earlier editions of " Celestial

Objects " appeared when comparatively little had been
done in stellar spectroscopy, and Mr. Webb had modestly
decided not to attempt to enter upon the subject, as being
too difficult for himself and his readers ; but this subject

has now become such an important department of modern
astronomy, and so many more amateurs now make use of

spectroscopes, that spectroscopy could no longer be ignored.

Few better men than Mr. Espin could have been found to

bring up to date the stellar chapters of Mr. Webb's
classical handbook, and he has evidently worked at it as

a labour of love. The second volume, which now appears,
contains only the chapters referring to stars, clusters and
nebulte. The division of the book into two volumes is

necessitated by its increased bulk due to the growth of

observational astronomy, and the division is convenient,

for this portion of the book is the part which will be
most required for use in the observatory, while the first

volume may be kept for indoor use. The descriptions of

celestial objects are now arranged in order of their right

ascension in each constellation, thereby saving the fifty

pages of Appendix II. in the fourth edition.

A Treatise on Astronomical Spectroscopy, being a translation

of "Die Spectralanalyse der Gestirne." By Prof. Dr. J.

Scheiner. Translated, revised, and enlarged by Edwin
Brant Frost, M.A., Assistant Professor of Astronomy in

Dartmouth College. (Ginn & Co., Boston and London,
1894.) The thanks of astronomers are due to Prof. Frost
for the labour he has bestowed upon this English edition

of Prof. Scheiner's book. In many parts of the work he
very closely follows Prof. Scheiner, but in others he has
needed to expand the text considerably in bringing the
work up to date. An interesting fact, indicating the
relative compactness of the English and German languages,
may be noted, where Prof. Frost has most closely followed

Scheiner's original ; the English saves one page in about
every ten of the German. The book will be welcomed by
all English-reading spectroscopic observers.

The following books have been received for notice :

—

Practical Work in General Physics. By W. G. Wooll-
combe, M.A., B.Sc. (Clarendon Press.)

Fifth Annual Beport of the Missouri Botanical Garden.
(St. Louis, Mo.)

The Stereoscope and Stereoscopic Photor/raphy. From the
French of F. Drouin. (Percy Lund & Co.)

H 1 1 1 f r s

.

[The Editor does not hold himself responsible for the opinions or
statements of correspondents.]

A PROLONGED SUNSPOT MINIMUM.
To tlie Editor of Knowledge.

Dear Sib,—The partial suspension of solar activity,

estabUshed by Mr. Maunder in his article entitled as above
(Knowledge, August, 1894), represents a curious phase of

solar history. There is, besides, strong, although indirect

evidence that the "prolonged sunspot minimum" was
attended by a profound magnetic calm. This evidence is to

be found in the auroral records of the time. For the con-

nection between the occurrence of aurora? and the magnetic
condition of the earth is so close, that the absence of one
kind of disturbance may safely be held to betoken the

absence of the other.

Now in England, during the whole of the seventeenth

century, not an auroral glimmer was chronicled. Stowe
recounts that on the 14th and 15th of November, 1574,
" the heavens from all parts did seem to burn marvellous

ragingly"; * and the next similar occurrence took place on
March 17th, 1716. Upon his observations of this fine

display, Halley founded his magnetic theory of aurorse.f

The event created an extraordinary sensation throughout

the country, some slight and partial sky-illuminations in

1706 and 1709 having escaped general notice.

* Annates of England, p. 678.

t Philo-iopliical Transactions, Vol. XXIX., p. 407. See also E. J.

Lowe's " Chronology of the Seasons," quoted by Dr. Garnett in

Mature, Vol. III., p 46. For a fuller account of auroral history

during this period we may refer to the Mdinhurgh Eeview, No. 336
(October, !886;, pp. 418-421.
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1893, July 12th, 9h. Oin. to lOli. 12m., Pacific Standard lime.

1893, July 18th, 9h. lin. to lUh. 2Liii., I'aoilio standard i'lme.

(13 Messier). From a Photograph by Mr. W. K. Wilson.

Ib'ja, J uly 14th, ijh. Sm. to lUh. 2Sm., Pacific .Standard Xnuo.

COMET b 1893 (RORDAME).

From Photographs taken by Prof. \V. J. Hussey with the Crocker Telescope at the Lick Observatory.

Direct Photo En^ravin(j Co., 9, Barn&bury Park, A'.
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On tlie Continent, the auroral blank was much less

complete than m this country. Gassendi's aurora of

September 12th, 1621, was seen as far south as Aleppo;
Cromerus registered the passage of " whole armies

"

across the sky in 1629 ; in 1640, south polar lights were

visible in Chili every night of February and March, and
some corresponding appearances were noted in northern

latitudes. By the middle of the century, however, polar

lights had virtually died out everywhere, except perhaps in

northern Scotland, where the " merry dancers " were seen

without surprise in 1691. But even in Iceland and
Norway they became so rare as to be considered portentous,

and their reappearance at Copenhagen in 1709 was
greeted with consternation and amazement. De Mairan,

in his " Traite de I'Aurore Boreale," makes the curious

remark that a great extension of the zodiacal light attended

the auroral outburst of 1716.

As regards the solar corona during the " prolonged

minimum," it appears probable that (as Mr. Maunder
suggests) its radiated structure was in abeyance, but there

is positive proof that the inner corona maintained at least

its average brightness in 1666. The partial solar eclipse

of June 22nd in that year, being viewed through Boyle's

sixty - foot telescope by Hooke, Pope (Professor of

Astronomy in Gresham College), and others, " there was
perceived a little of the limb of the moon without the disc

of the sun, which seemed to some of the observers to come
from some shining atmosphere about the body either of

the sun or moon."*
Yours faithfully,

Agnes M. Clerke.

.THE PROGRESS OF ASTRONOMICAL PHOTOGRAPHY, by

H. C. Russell, F.R.S., Government Astronomer, Sydney.

To the Editor of Knowledge.

Dear Sir,—Mr. Eussell chose wisely the subject of his

recent presidential address before the Mathematical Section

of the Australasian Association for the Advancement of

Science. With what authority he is entitled to speak

upon it, your readers can judge for themselves from the

specimens of his photographs reproduced in Knowledge.
The delineations obtained by him of the Magellanic clouds

and of the Coal-sack region of the Milky Way have, indeed,

a significance which is as yet very far from being ex-

hausted. The story that he now recounts is a marvellous

one. " The results," be truly says, " obtained by means
of photography come upon us so fast that one hardly

realizes their importance." The method has developed in

so many different directions, and lent itself so readily to

specialization, that their history, short though it be in

time, has already assumed an exceedingly complex
character. Mr. Russell has adopted a strictly chrono-

logical mode of treating it, and has brought together in

small compass a large amount of valuable information

;

but with some startling omissions. Thus, Prof. Barnard's
name is not so much as mentioned. Yet the fame of his

achievements in this department is world-wide. We need
only recall his initiation of galactic photography in 1889,

and his subsequent successful prosecution of it ; his

registration, from night to night, of changes in comets'

tails, his discovery on a sensitive plate, in 1892, of an
additional member of Jupiter's cometary family, besides

his exquisite picture of the solar corona of January 1st,

1889. Dr. Max Wolf and M. von Gothard, each of whom
has done important and distinctive work in celestial photo-

graphy, incur similar oblivion ; but they may take heart

• Philosophical Tramactioas, Vol. I., p. 295.

when they find Dr. Gill no better treated. It seems
incredible that a man who is the very head and front of

photographic star-charting should be passed over in such
a record as Mr. Russell's ; but such is the fact. Not
only was the star-crowded background of his portrait of

the " great September comet " of 1882 the object lesson

from which astronomers learned its possibility, but he was
foremost in starting and developing in detail the inter-

national scheme now in course of execution at a score of

observatories. Above all, he set the example of doing, by
completing Argelander's Dairhnmstenmfi to the southern
pole. The resulting catalogue—the first photographic
work of its land—gives the places, accurate to within about
one second of arc, of some 350,000 stars. It is at present

rapidly passing through the press. Nor should it be
forgotten that Prof. Kapteyn generously devoted five years

to the labour of its preparation from the Cape plates.

We look in vain, too, in this address, for any allusion to

Nova AurigsB, the first "blaze-star" investigated photo-

graphically, or Nova Norma?, the first similar object dis-

covered photographically. Indeed, none of Mrs. Fleming's
valuable detections are chronicled. Nor do we find the

slightest reference to the self-registration of new asteroids

or of meteors, although researches of the latter kind seem
about to enter upon a fresh stadium of progress through the

possibility, just demonstrated by Dr. Elkin, of determining

the radiants of meteoric showers from the imprinted

trails of their constituents.! Mr. Russell, however,
eagerly anticipates novelties, and is full of well-grounded
confidence in the future. He himself promises a photo-

graphic transit recorder, and indicates several lines of

imminent advance. Obstacles there are, but only to be

overcome. " The army of science," he continues, " is in

one respect like the army of war— it is stirred to con-

quering effort by the difficulties that stand in the way.
Given a citadel to be won, and there is always a forlorn

hope to win it." These words breathe the true spirit of a

scientific pioneer.

Yours faithfully,

A. M. Clekke.

To tlie Editor of Knowledge.

Dear Sir,—The Rev. A. S. Wilson, in an article on
" Types of Floral Structure" which appears in the July
issue of Knowledge, says " there is no apparent reason
why the carpels and stamens should not occasionally

change places, and an explanation of this invariable order
is still a desideratum."

A sufficiently obvious reason, it seems to me, is found
in the fact that the stamens of the flower are not persis-

tent. As soon as their pollen is shed, their work is done,
they become useless and decay, or fall oft'. If they occupied
the centre of the flower they would be prevented from so

doing by the carpels, which persist long after the stamens
have decayed, and in the case of syncarpous pistils there

would be a central cavity in the fruit enclosing the dead
stamens.

Besides this, if the stamens were central it would be
easy for their pollen to become dusted on to the adjacent
stigmas, an arrangement which Nature has, in the great
majority of cases, endeavoured to avoid.

Yours faithfully,

Kingswood School, Geo. H. Pethybbldge, B.Sc.
Bath,

August 14th, 1894.

t Dr. Elkin's success ia too recent to hare been known to Mr.
Russell when his ttddress was delirered.
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THE PERIODICITY OP THE SOLAR SPOTS, AND ITS
CAUSE.

To the Editor of Knowledge.

Sir,—In his exceedingly interesting article, "A Pro-
longed Sunspot Minimum," in the August number of
Knowledge, Mr. Maunder mentions that the cause of the
periodicity of the solar spots has been ascribed to the
periodical returns of the planet Jupiter to the perihelion

of its orbit, but significantly adds that if this were the
true cause, " since that return is regular, pmictual, and
unfailing, so ought its effect to be, and it should be as im-
possible for the sun to intermit two or three of its cycles as
for Jupiter to wander from his orbit." To me the theorv
in question never had much to recommend it ; not only is

the eccentricity of Jupiter's orbit very small—less than
that of Saturn, and considerably less than that of Mars

—

but his period (11-9 years) is much longer than that of the
average period of the solar spots. The facts about the
latter which are adduced by Mr. Maunder are surely
sufficient to negative any connection between the
periodicity of the spots and the regularity which
characterizes planetary motions, disturbed only by per-

turbations which cannot affect such a question as this.

Some little time ago, I suggested in TJie Obsen-aiori) that
the recurring maxima and minima of solar spots might be
due to a swarm of meteoric bodies which move in an
eccentric orbit, and pass, when in perihelion, near the
outer envelope of the sun. Although the period suggested
by Schwabe for the solar spots was 10'4 years, it is now
well understood that the true average period amounts to
11-1 years. Now a body or bodies revolving round the
sun with this period would have a mean distance from
him of 1-98 in terms of the earth's mean distance

;

and if the perihelion distance were small, the aphelion
would not differ much from that of Satiirn. L'Astirinomie

did me the honour to refer to my suggestion, but pointed
out that the details of explanation and of the action of

the meteors were wanting. Now time may supply what is

certainly beyond my power at present ; but it seems to me
that if the theory be true, one remarkable detail in connec-
tion with it is suggested by this article of Mr. Maunder.
"The sequence," he justly remarks, " of maximum and mhii-
mum has been unfailing during the present century." He
then goes on to dwell on his main point, that not only
this cannot be affirmed of the phenomena during preceding
centuries, but the observations recorded, though not made
of course with Greenwich regularity and perseverance, are
abundantly sufficient to prove that the matter was then
far otherwise ; and particularly that during the fifty years
which elapsed from 1655, or thereabouts, to 1705, very
few solar spots were seen, or, as he puts it, " an extra-

ordinarily and immensely prolonged minimum " subsisted.

But what if regiilar maxima and minima had not then
begun to be, and the spots seen previously were of a more
sporadic kind ? Le Terrier thought that the Leonid
meteors were introduced into our system by the attraction

of Uranus about the second century after Christ. Perhaps
the swarm of meteors to which I suggested we owe the
present regular recurrence of the spots may have been
introduced by the attraction of Saturn in the early part
of the eighteenth century.

Yours faithfully,

Blackheath, August 10th, 1894. W. T. Lynn.

[I would refer Mr. Lynn to Prof. Eudolf Wolf's paper
on " Sunspot Maxima," published in the Memoirs of the

Royal Astronomical Society, Vol. XLtll. Unless he is pre-

pared to reject Prof. Wolf's laboriously collected evidence,
he must admit that there have been wide variations in the

form of successive waves of the svinspot curve, even during
this century ; thus Wolf gives a sunspot maximum in 1804,
another in 1816, followed by another which was deferred
till 1830, while the next maximum period followed in

1836-7, giving intervals of twelve, fourteen and six and a
half years. Such tidal action as Mr. Lynn suggests would,
if caused by a single flight of disturbing bodies, necessarily
be regular.—A. C. Eanyard.]

ANTARCTIC BIRDS.
By WiLLiAii S. Bruce, Xnturalist to tlu Antarctic

Expedition, 1892-93.

THE term " Antarctic regions " is vague, and it is

necessary to define to our readers the hmits of

this region about which we have such scanty

records. The Antarctic Ocean proper is that

portion of the great oceanic area of our globe

which lies within the Antarctic circle, or south of the
latitude of 66i° S. In dealing with the Antarctic,

however, few, if any, writers confine themselves to this

area. Many include regions as far north as Patagonia,
Falkland Islands, south of South Africa, south of Austraha,
and the south of New Zealand, while others vary their

limitations of the Antarctic by various locahties lying

between these northern and southern limits. In this

article it is proposed to call those birds Antarctic birds

which are to be found in higher southern latitudes than
the extreme limit of floating ice according to the most
recent research. The northern boundary of these regions

is somewhat irregular, but roughly may be said to extend
as far north as 40° S., i.e., a latitude corresponding to that

of Madrid and New York in the Northern Hemisphere.
This excludes Tristan d'Achuna, South Afi-ica, and
Australia—which lie north of 40° S.—Tasmania, New
Zealand and Auckland Islands, South America and the

Falkland Islands, and Kerguelen Island ; for although these

last-named are in latitudes south of 40° S., yet the ice

line rises southward in their respective longitudes. Three
exceptions are made to this boundary, viz., the Tristan

d'Achuna group, Kerguelen, and the Auckland Islands,

which have always been associated so intimately with
Antarctic exploration. In this way we exclude the great

continental masses, save Antarctica itself, but include

almost all those islands which most writers term Antarctic

islands.

With few exceptions, the birds of the Antarctic are all

oceanic species, the penguins and the petrels being by far

the most important groups. Besides these, there are also

gulls, terns, and the remarkable sheathbills or paddies.

Let us first consider the penguins, which are perhaps the

most typical of aU Antarctic birds, although they may also

be found as far north as the Galapagos group of islands,

which lie almost upon the equator, off the west coast of

South America.
A very interesting and graphic description of these

remarkable birds has been given by the late Prof. Moseley.*

Whilst the " Challenger " was in the vicinity of the

Tristan d'Achuna group, he says, " as we approached
the shore I was astonished at seeing a shoal of what
looked like extremely active, very small porpoises or

dolphins. I could not imagine what the things could be

unless they were indeed some most marvellously small

cetaceans ; they showed black above and white beneath,

and came along in a shoal of fifty or more from seawards

towards shore at a rapid pace, by a series of successive

* " Xotes by a Naturalist on H.M.S. Challenger," by Moseley .- J.

Murray, London.
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leaps out of the water and splashes into it again, describing

short curves in the air, tating headers out of the water and
headers into the water again ; splash, splash, went this

marvellous shoal of animals, till they went splash through
the surf on to the black stony beach, and there struggled

and jumped up amongst the boulders and revealed them-
selves as wet and dripping penguins, for such they were.

Much as I hiive read about penguins, I never could have
believed that the creatures I saw thus progressing through
the water were birds, imless I had seen them to my
astonishment thus make the shore."

The first I saw of these birds was off the shores of

the Falkland Islands, over two hundred miles from the

nearest land. The vessel was making little headway
through the water, the wind having fallen, and coming
on deck for midday observations my attention was called

to " some small seals," which were playing about

the stern of the vessel. They were swimming calmly

about in the water, now immersing themselves entirely,

now lifting their heads only above water much in the

same way as one sees seals doing in the evening, or on
a bleak day, when they prefer to remain in the water rather

than to come out and lie on the ice, as they do when the sun
shines brightly. What the sailors took for seals were really

macaroni penguins (/'". c/iri/.suloplnu), with their sOky, hair-

like feathers looking like wet fur. The sailors refuse to

recognize feathers in this close-fitting fleece, black on the

back, and white on the breast. These are the two ways
in which penguins make headway through the water. The
reader has only to go at feeding time to the diving birds'

house at the Zoological Society's Gardens, in Kegent's
Park, in order to see the penguins disport themselves.

On the land, or on snow and ice, they also have two or three

modes of progression ; one is when they are standing in

an upright position—in this way they may be seen

wobbling over the ground with their very short legs and
padded feet. When they are in danger, however, they

throw themselves upon their white breasts, and use their

fore limbs as legs as well as their hind limbs. " When
crawling,' Darwin says, " it may be said on four legs,

through the tussocks or on the side of a grassy cliff, it

moves so very quickly that it might easily be mistaken for

a quadruped." On the ice they move even more swiftly,

as they take advantage of any slope, and glide swiftly

down it, toboggan fashion, upon their breasts. In this

way, if they choose, they can easily, and sometimes do,

escape their captors upon the ice floes ; for a man may sink

knee-deep into the snow while they glide onward upon
its surface. But they are inquisitive, and, fearing no
danger, approach their pursuers, only too often to be felled

with a club or stick ; this is especially the case with the

smaller birds. It is to be hoped that penguins will not

share the fate of their near relative, the great auk, which
at one time was plentiful in the northern seas, but is now
a thing of the past.

pock hopper penguins, which abound in the Tristan

d'Achuna group, and which swim in the manner of

porpoises or dolphins, " hop from rock to rock with both
feet placed together, scarcely ever missing their footing."

This method of getting over the ground is also adopted
by the king penguin whilst hatching its egg ; for it carries

its egg from place to place in a pouch, holding it in with
its broad webbed feet.

Penguins are gregarious, literally herding together in

millions. Sometimes their breeding places, or rookeries,

as they are generally called, cover many acres of ground.
Some have their rookeries among tussock grass, where
there are many streets and side streets occupied by myriads
of birds ; their dung is a rich manure for the grass, which

grows luxuriantly from four to six feet high in clumps,
with hard woody masses at their base formed of the old

roots and stems, and arches over the streets. Anyone
entering these streets is unmercifully pecked at by the

birds ; their cries are terrific, and the odour arising from
their dung is stifling ; eventually one flees headlong,
tramping on birds and eggs at every footstep. Some breed on
the open and bare rock, others, such as the gentoo, build in

holes they have burrowed in the ground ; and others again,

such as the small penguin of New Zealand (E. minor) nest
in caves. At the entrance to rookeries the rocks are often

smooth and polished, which is probably due to the diatoms
in the food and dung of the birds, which clings to their

feet. The king penguin builds no nest at all. The jackass

penguin of South Africa builds its nest of stones, shells,

wood, nails, bits of rope, &c., evidently for drainage pur-

poses, although, as Moseley suggested, this may be due to
" a sort of magpie delight in curiosities." The magellanic,

or jackass penguin of the Falkland Islands, similarly

collects variously coloured pebbles at the mouth of its

burrows. Most penguin's eggs are greenish-white ; that

of the king penguin is more than ordinarily pointed at the

thin end. As yet we know nothing of the breeding habits,

nest, or eggs of the emperor penguin.

It is unnecessary to enumerate and describe all the

different species of penguins here ; but it may be mentioned
that the following four genera are usually recognized, viz.,

Aptenodytes, Eudyptes, Sphenisci, and Pygosceles. About
fifty specimens of about sixteen different species of these

four genera are exhibited in the British Museum, South
Kensington, and it is well worth while for the reader to

pay a visit to the museum to see these most remarkable
birds. As in most museums, however, these birds are not

as well stuffed as they might be, and it may here be

mentioned that one scarcely ever sees a trustworthy

picture of a penguin. A penguin in good condition is

very plump, and does not go about with an elongated neck,

although it is capable of extending its neck considerably.

One can never tire of watching these most extraordinary

and interesting creatures, they look so human ! Often
one cannot help laughing outright at the attitudes they
assume.
The largest and rarest of penguins is the emperor

penguin, which, along with the king penguin, belongs to

the Aptenodytes. We must stop specially to consider this

bird. The emperor penguin {A. forsteri) was first dis-

covered by Captain Cook, and was met with again by
Sir James Ross during his ever famous voyage to the

South Seas in 1839-43. It was next seen and captured
by the Antarctic Expedition, 1892-93. Some fine specimens
of the bird may be seen in the British Museum. The
largest Ross obtained weighed seventy-eight pounds.
" Its principal food," says Ross, " consists of various

species of cancri, and other crustaceous animals ; and in

its stomach we frequently found from two to ten pounds'
weight of pebbles. ... It was a very difficult matter
to kill them, and a most cruel operation until we resorted

to hydrocyanic (prussic) acid, of which a tablespoonful

effectually accomplished the purpose in less than a minute."
The largest specimen we obtained weighed seventy-four

pounds. The measurements of the dead bird were as

follows ;

—

Length (from tip of beak to vent j ... ... ... 3 ft. 8 iu.

Breast girth ... ... ... ... ... ... 29 inches.

Abdominal girth ... ... ... ... ... 34 inches.

Muscles of breast (equal to more than one-third total

weight of bird, viz.) ... ... ... ... ... 25 lbs.

I had hoped to bring this splendid bird home alive, but
accommodation on board the vessel did not allow me to
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attempt it. It is now to be seen stuffed at the Museum of

Science and Art, Edinburgh. I shall presently describe

the great strength of this bird.

Among other characteristics, penguins are distinguished

by having the bones of the fore-arm flattened, and by a

very broad shoulder-blade. The wing feathers are very
short and are not differentiated into quills. The young
are hatched in a helpless condition. In many respects

they resemble, and they are probably related to, the puffins

and the auks of the Arctic Ocean.
Although penguins are quite imable to fly, one must not

look upon their fore limbs as feeble and useless members.
They are indeed highly specialized for swimming and
crawling, and occasionally also they are used as powerful
weapons of defence, as anyone who has seen the effects of

a blow which an emperor penguin can give will easily

recognize. During the recent expedition, as already
stated, we succeeded in capturing and bringing on board
alive a very fine emperor penguin ; he stood on deck,

clothed in silken robes of white and black, decked with
gold and purple, a very monarch among his many admirers.

An almost full-grown retriever pup that belonged to one of

the seamen disapproved of his presence and pounced upon
him from behind ; the bird seemed to deem his assailant

of little importance, as he only turned his head round and
drove the dog off with his beak. A second time the dog
approached the penguin at his side, and with such force

did the bird strike the dog on its head with his flipper,

that he sent it away howling with its tail between its legs.

It was with the utmost difiiculty that five of us secured
this penguin, on account of its great strength ; it required

a man to each leg, a man to each flipper, and a man to

his head and neck in order to hold him down. He even
broke loose after being strongly bound. The muscles of

its breast weighed more than one-third the total weight
of the bird, and all this mass of muscle is used to

force the wing downwards and forwards. If the reader
will look at the keel of the breast-bone of the emperor
penguin in the British Museum, he will find that it does
not compare meanly with that of the golden eagle and the
swan, both powerful birds of flight, while its coracoids are

very much more strongly developed. Now this keel serves

for the attachment of the muscles of the breast, and is,

therefore, an indicator of the relative strength of the fore

limbs of different kinds of birds. Although all penguins
are not as large as the emperor penguin, they are all equally
powerful in proportion to their size. I have seen the
smaller kinds jump out of the water on to a cake of pack
ice, the surface of which was fully three feet above the
surface of the water. Curiously enough, they do not take
the advantage of distance, but approach quite close and
rise almost vertically out of the water, neatly settling on
their hind limbs in an erect position. This is accomplished
by the propelling power of their fore limbs.

TYPES OF FLORAL STRUCTURE.-IL
By the Eev. Alex. S. Wilson, M.A., B.Sc.

{Continued from page 164.)

THE
natural order to which a flower belongs can

sometimes be approximately ascertained from the
number and position of its parts alone ; thus, if we
find a specimen with five petals and five stamens
placed opposite them we need have almost no

hesitation in concluding that it belongs to Primulaceffi.

The sea-pink is almost the only native flower outside the

primrose order, at all common, which possesses a penta-

merous corolla and antipetalous stamens. The order
Cruciferre is easily known ; its flowers have a four-petaled,

cruciform corolla and six stamens, two of the latter being
shorter than the others. Compositse, Labiatse, Umbelli-
ferre, and a few other orders may likewise be recognized

by head-mark. To determine the systematic position of a

flower, a number of characters must, however, as a rule,

be taken into account. We require to know what whorls
are present, of how many parts each is composed, and
whether the whorls are alternate or superposed. The
cohesion or degree of union existmg among the members
of the same whorl must be observed ; also whether or not

all the parts in any whorl resemble each other, the flower

being regular or actinomorphic where they are alike, and
irregular or zygomorphic if the parts are dissimilar. The
placentation, or mode in which the ovules are disposed

within the ovary, is another character of primary impor-
tance in identifying plants. The different whorls of a

flower may be quite separate and independent of each
other, or they may adhere ; the degree of adhesion is of the

greatest use in classification. This last-mentioned character

is ascei'tained from a vertical section of the flower, and is

not therefore shown in the floral diagram, since this is

merely a representation of what one sees on looking down
into the blossom—a ground plan in fact, into which one or

two particulars from the cross section are introduced.

For the present we shall confine our attention to those

characters which admit of representation by means of a

floral diagram, leaving aside meantime, for the sake of

simplicity, adhesion and other characters which are only

visible in a vertical section.

Orchis.

Cypripedium. Grass. Canna.

Floral diagrams, as will be readily understood, greatly

assist the memory in retaining the general characters of

the various natural orders, and are therefore most helpful

to the beginner in botany ; but besides this, they often

bring out in a most instructive way the affinities of

different groups. As an illustration of this we may take

the Orchidaceffi, an order in which the flowers assume the

most irregular, diversified, and fantastic shapes ; they

have little or no resemblance to the simple, regular, and
symmetrical blossoms of the lily order, to which, however,

they are very closely related. The Liliaceae, which pro-

bably represent a very early monocotyledonous type, have

six stamens, while Oirhis has but one
;
genera allied to

the latter, however, exhibit every gradation, from the

hexandrous to the monandrous conditions. The single

perfect stamen of orchis is homologous, with the anterior
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or lower member of the outer staminal whorl of the lily ;
j

four of the others are frequently represented by protuber-
[

ances or staminodes, while one is, as a rule, completely

aborted. The lady's-slipper orchid, Cypripedium, has a

large staminode representing the fertile stamen of orchis ;

its two perfect stamens correspond to the two anterior

ones in the inner whorl of the lily. All three stamens of

the outer whorl are present at first in the bud of Calanthe,

but only the anterior one is ultimately developed. Urope-

(iium lacks the outer whorl, but has the inner one complete,

all the three stamens being perfectly developed, while five

often, and occasionally the whole six members of the

andrcEcium are present in Isochilus.

The andrcecium of Iridacese consists of three stamens

homologous with the outer whorl of the lily ; the inner

whorl is entirely suppressed. Although the irises are in

some respects intermediate between Orchidacefe and

Liliaces, the fact that among the orchids sometimes the

inner and sometimes the outer staminal whorl is represented

shows that they cannot be directly derived from the iris

type. There is apparently only one possible interpretation

of such facts ; they point distinctly to the six-stamened IDy

as the type from which both orchids and irises have

diverged. This interpretation is strongly supported by

anatomical considerations, the number of vascular bundles

or leaf-traces present in the flower-stalk being such as we
should expect in accordance with this view. These homo-
logies, which are exhibited in the foregoing diagrams, afford

as strong evidence as perhaps can be given of the origin of

different species, genera and orders of plants by descent

and modification from a common ancestral form.

Notwithstanding their odd and irregular shapes then,

all orchids may be referred to the simple lily type. The
single fertile stamen of orchis bears the same relation to

the six stamens of the lily that the single enlarged toe of the

horse does to the five toes of the archetype from which the

horse is supposed to be descended. Cypripedmm, Calanthe

and to some extent the irises stand very much in the

position of the eohippus and miohippus, since they

represent intermediate phases in the development. In

the floral series the theoretical line of descent is indicated

by abortive stamens or staminodes, in the equine series by
rudimentary and functionless digits.

Like the perianth of the lily, that of the orchid is

composed of a sepaline and petaline whorl, each containing

three leaves or segments, but while the parts of each whorl

are alike in the lily, in the orchid they are dissimilar.

This irregularity of the perianth arises mainly from the

enlargement of the lip or labellum, which is usually

prolonged into a hollow pouch or spur ; it is composed of

the anterior petal combined with two of the sterilized

stamens. Other peculiarities of the orchid which may be

mentioned in passing are the gynandrous condition caused

by the adhesion of the fertile stamen to the style, the

modification of one of the three typical stigmas to furnish

sticky discs for the pollen masses, and the twisting of the

ovary by which the labellum, which is uppermost in the

bud, is brought down to the lower or anterior side of the

flower.

The degraded and aberrant blossoms of grasses are

connected with the lUy type by a corresponding series of

transitional forms. Bamhusa, which has six stamens,
differs from the type only in the absence of the outer

perianth-whorl, but in most grasses the posterior leaf of

the inner perianth-whorl has also disappeared, together

with the whole inner whorl of stamens and the anterior

carpel ; the latter is the only member of the carpellary

whorl present in the mat-grass, Xardux. The flowers of

sedges are also fashioned on the Uly pattern, the three

inner stamens being suppressed as in iris. Zingiberese

agree with orchis in ha%-ing only one fertile stamen, but

its position in the ginger order is posterior, not anterior

as in the orchid ; the rest of the six-merous androecium is

represented by petaloid pieces. The allied Canna or Indian

shot has Hkewise all the members of the androecium

developed as petals, with the exception of one which bears

pollen, and is half petal, half stamen, as indicated in the

diagram.

Facts of this description, and many others which might

be mentioned, go to show that such regular six-merous

flowers as we find in Liliacese, Amaryllidacefe, Juncacefe,

and Palmacere, represent the primitive type from which

most, if not all, existing monocotyledons have been derived.

Although other divergences of character have occurred

independently, which make it impossible to trace the

actual descent or phylogeny of a particular species, still

there is little difficulty in following the steps by which any

single character has been acquired.

Equally striking are the relationships rendered apparent

by the floral diagrams of dicotyledons. In the vegetable,

as in the animal kingdom, the excessive repetition of

similar parts is held to indicate a low gi-ade of organization.

The simplest flowers in the dicotyledonous class consist of

many parts ; the Nymphace® and Cactacese have numerous

sepals, petals, and stamens, arranged in a spiral or acyclic

manner. A corolla, consisting of twelve petals, occurs in

the house-leek Sempervkum. The numerous stamens of

the rose, buttercup, and poppy constitute a feature which

these flowers have doubtless inherited from very remote

and simply organized ancestors. The first two also possess

numerous distinct carpels, another mark of primitive

simplicity.

The great majority of dicotyledonous orders, however,

admit of being referred to a floral type, consisting of six

alternating whorls containing five parts each, viz., a

sepaline, a petaline, two staminal, and two carpellary

whorls. A close approximation to this type occurs in some

of the crassulas or stonecrops. The geraniums have

the formula S.5, P5, StlO, C5, which diflers from the

type only in the absence of the inner whorl of carpels.

This whorl is rarely developed, possibly for want of room

on the apex of the floral axis. If the number of parts in

the diflerent whorls correspond the flower is sj-mmetrical,

but the carpellary whorl is so often incomplete that it is not

taken into account in reckonmg symmetry. The number

of carpels varies greatly even within the limits of the same

order; thus among the Caryophyllacese it fluctuates from two

to five. The presence of two carpels, on the other hand, is

a constant character of the order Scrophulariacese, whUe
the Leguminosae never have more than one. The evident

tendency to reduction observed in the carpellary whorls

shows that there is a struggle for space among the floral

organs leading to the elimination of superfluous members.

Not improbably the difficulty of accommodating many
members on the floral axis may originally have led to the

establishment of the six whorled type as an improvement

upon an earlier model made up of an indefinite number of

perianth-segments, stamens and carpels. A good example

of the struggle for existence among the organs of the same

flower is seen in the calyx of the rock rose, Heluintkeinum

;

three of its sepals are much enlarged, but this has

apparently taken place at the expense of the other two,

which are quite rudimentary. A symmetrical decrease

affecting all the whorls in the same manner is met with in

the yellow tormentQ ; the potentillas generally have five-

merous flowers, but in P. tormentilla the calyx and corolla

have only foiu- parts each. The same thing occurs in

Eubiacese, Eubia having five-merous, Galium four-merous
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flowers. A decrease which renders the flower uusym-

metrical is of much more frequent occurrence, and, in this

case, the decrease seems to he in consequence of the

irregular development of the perianth tending in some way
to limit the space and nutriment available for the more
internal parts. The geranium, for example, has a regular

five-merous calyx and corolla and ten stamens ; its ally,

pelargonium, which is slightly irregular and more highly

specialized in relation to insects, has three of the outer

stamens imperfect ; Erodium, again, has regular flowers

and only five stamens. The loss of symmetry in the

staminal whorl is therefore closely connected with the

irregularity of the floral envelopes. This connection is

well exemplified in the foxglove order, which includes the

mullein Yerbascum, with regular five-merous flowers

;

also Calceolaria and Veronica, with irregular corollas and
the stamens reduced to two. Most of the ScrophulariacefB,

however, are unsymmetrical and irregular, ha\-ing a five-

merous calyx and corolla with four stamens, but the fifth

stamen is often present in a rudimentary form ; thus in the

figwort the nectary is a staminode, while in the garden

pentstemon the fifth stamen remains as a barren stalk or

filament on which no anther ever develops. As in the

case of monocotyledons the most probable explanation of

these various conditions is that they represent so many
stages in the evolution of genera and species from a

common ancestral stock. Where flowers are irregular the

departure from the typical form is almost invariably in the

direction of better adaptation to insects as fertilizing

agents, or of specialization for the visits of particular

kinds of insects ; the irregularity may in part be due to

the action of the insects themselves, but in any case the

loss of symmetry arises from the same cause as the irregu-

larity. There is reason to think that the cohesion of

sepals or petals is also a provision in favour of insect

fertilization, and it is noteworthy that this has also been

generally accompanied by a reduction of stamens. In

flowers like the rose with separate petals numerous
stamens occur, but where the petals are united and the

corolla gamopetalous seldom more than five are to be

foimd. Ii-regularity is uncommon with separate petals,

and where it occurs is not accompanied by loss of symmetry,

as we see in the irregular but symmetrical flowers of the

violet and sweet pea ; it is otherwise among the gamo-

petalie, where an irregular shape is much more common,
and is usually accompanied by loss of symmetry. Cohesion

occurs much less frequently among stamens than in the

petaline whorl ; it is seen, however, in the united filaments

of the mallow, and in the anthers of Compositfe and

CucurbitacefE. Cohesion is most frequent in the gynoecium,

the syncarpous pistil being formed of the carpels combined

into one body, very possibly as the result of compression.

Hitherto we have been occupied onlywith complete flowers

in which four different classes of organs are present. There

is a marked tendency in some families for one or more of the

whorls to disappear ; this is especially the case with the

sepals when, as in the rhododendron, the Compositie, and

the UmbellifersB, the flowers are produced in crowded

clusters, and the protection afforded by the bracts renders

sepals unnecessary. It is the corolla, however, that is

much more frequently the missing whorl ; the petals of

many of the Eanunculaceae are either very small or wanting,

but in the anemone, globe-flower, marsh-marigold, peony,

&c., this loss is compensated for by the bright colours of

the sepals. The substitution of a petaloid calyx for the

corolla in these instances appears to show that there is a

competition between the two whorls for nourishment ; it

would further seem that in them the sepals have over-

powered the petals, and while successful in appropriating

the share of nutriment have also assumed the attractive

functions pertaining to the corolla.

The dicotyledonous sub-class Incompletffi is so named
on account of the absence from its flowers of one or both

sets of floral envelopes. This sub-class embraces the

goose-foot order, the sun-spurges, the docks, sorrels and
nettles, the hop, the elm and the catkin-bearing trees,

such as birch, alder, willow, poplar, oak and hazel. The
bulk of these incomplete flowers are adapted for wind-

fertilization. As the earlier gymnosperms had their pollen

carried by the wind, it is natural to suppose that this

would also be the case with the first angiosperms, but

there is some doubt whether any of the original anemo-
philous families have survived to the present time. From
the fact that the stamens in these incomplete flowers are

mostly superposed to the sepals, it has been inferred that

a whorl of petals must have been lost ; and since petals

may be supposed to have been acquired for the attraction

of insects, the conclusion has been arrived at by some that

all existing wind-fertilized angiosperms have degenerated

from the entomophilous condition. Reversion to wind-

fertilization has occurred again and again in many different

entomophilous families ; the common road-weed Plantago,our
native Clematis and Thalictrum are without doubt examples
of such reversion,but the view that all existing anemophilous

angiosperms have degenerated from entomophilous ances-

tors, though supported by very many facts, should hardly

be accepted as yet without some reservation. The mere
opposition of the stamens to the sepals does not aflbrd

conclusive proof that a flower or its ancestors ever possessed

petals, for, as was shown in a previous article, the super-

position of whorls is a more primitive arrangement than

even the alternate. The geological antiquity of several

families of Incompletse points rather to an early divergence

in the direction of adaptation to wind-fertilization from a

primitive uuspecialized stock, which had not so far become
greatly differentiated in relation to the visits of insects.

It is at least a striking anomaly that those families to

which the oldest monocotyledons and dicotyledons belong

should be regarded as having undergone the greatest

possible amount of degeneration. The aroids, which
include the familiar Nile lily and cuckoo-pint, are, perhaps,

the most ancient of known angiosperms, and yet they are

the most degraded of all monocotyledons, so much so that

the entire inflorescence is only functionally equivalent to a

single flower. They are fertihzed by minute flies which
are temporarily imprisoned in the enlarged spathe, but it

is quite a reasonable supposition that the aroids have
acquired this entomophilous character without passing

through any intermediate stages of high specialization

either in relation to the wind or to insect agency.

THE WATER-HEN.
By Hakry F. Witherby.

THE water-hen or moor-hen (GaUimda chloropus) is

very generally distributed throughout the British

Isles. It may be numbered amongst our most
famihar birds, but owing to its shy nature its

habits are diflicult to observe.

The word " moor " seems to have once signified a marsh,

and the moor-hen being an inhabitant of marshy places

thus received its name, but since by "moor" we now
understand heathy and more or less dry land, the name
water-hen seems to be more appropriate.

On almost every lake, pond, or stream on the sides of

which reeds and rushes grow, there will be found one or

more pairs of water-hen, and when frost drives them from

the lakes and ponds they resort to running streams and
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tidal rivers ; but except on these occasions they remain,
summer and winter, in the same locahty.

The water-hen belongs to the rail family (RaUidir), the
members of which have not webbed feet, though several of
them have either partially webbed feet, or are provided
with an analogous growth to aid them in swimming.
The water-hen has on both sides of each of its toes a
narrow membrane, which expands as the foot strikes the
water, thus greatly enlarging the width of the toes, and
aft'ording the foot a greater resistance against the water.
The feet are exceedingly large, and the toes very long

for the size of the bird, making it look almost awkward.
The usefulness of these overgrown toes, however, is soon
apparent when we watch the bird gliding over reeds and
rushes, and threading its way in and out through a
labj'rinth of flags. The bird walks with perfect ease over
huge networks of reeds, which have laced themselves
together after the growth of years, its large feet preventing
it from slipping through the meshes.

The water-hen resorts to all sorts of methods to elude
its pursuers. Sometimes it will lie motionless, hiding
itself amongst
rushes and
refusing to fly.

I have known
them to lie so

close that a

young retrie-

ver brought
one in his

mouth out of

some reeds.

At other times

the water-hen
swims along

half under
water, like a

water - logged

vessel, with
just the top

of its back
and its head
and neck show-
ing above the

surface, thus

often escaping

notice. In
swimming and
diving the

water-hen is

also an expert;

it dives down, swims some distance under the water, using

both wings and legs, and suddenly comes up again at the

most imexpected spots. Sometimes it will only put its head
and beak above the surface, and after taking a breath of

air disappears again, to rise in the midst of some rushes,

amongst which it is soon lost to view.

The bird swims with a very jerky motion, going from
side to side in a restless way, and moving its head
backwards and forwards as it proceeds, every now and then
dipping its head into the water in pursuit of some small

fish or insect.

A bird so clever in the water is usually clumsy on laud,

but not so with the water-hen. It walks about neatly, and
runs very quickly, nodding its head and bobbing its tail,

each time displaying its white imder-feathers. Its adroitness

on land enables it to obtain more varied food than if it were
confined to the water only—grass, slugs, worms, insects,

and grains being in this way added to its diet.

Water-Hens and Nest; the female bird is leaving the eggs.

Although very shy, the water-hen soon becomes tame,

and indeed semi-domesticated, on a piece of water near

the haunts of men. If ducks are kept on the same pond
the water-hens will come and feed with them when corn

is thrown down, and they may often be found on ponds
adjoining a railway, taking no notice of the passing trains.

Its flight is low and straight. When passing over the

water it keeps so low that its legs, which hang down
during flight, very often trail along the surface, leaving a

track of bubbles.

The call note is a loud " crek-rek-rek," seldom uttered in

the day, but during the evening the note may be repeatedly

heard.

It builds its nest in very varied situations. Usually

it is placed amongst reeds or rushes, but often in the

branches of a tree overhanging the water and nearly

touching it, and sometimes even in a branch ten or twelve

feet up a tree. At other times it may be found on the top

of a mass of (-lehria on the bank of a stream. The water-

hen is a careless builder and seldom attempts to conceal

the nest, although it will often cover the eggs on leaving

them. The
nest is built of

flags or rushes,

and varies

greatly in

size. Though
generally flat

and long, I

once found
one round and
deep, which,

strange t o

say, was com-
posed of leaves

and grass.

The eggs are

six to eight

i n number,
and they are

dull white

speckled with
reddish-
brown. Two
or even three

broods are
reared in a

season, so that

although the

water - hen
may be a care-

less nest-buUder she cannot be said to be an idle mother.

The first eggs are generally laid early in April, and in

three weeks the young are hatched. When first hatched

they appear as fluft'y black balls of down, and immediately
take to the water, swimming about and diving with perfect

ease. In the evening the old bird may often be seen

brooding the young in the nest, with perhaps one or more
of her chicks on her back. When they are big enough to

fly, however, they accompany their parents to roost in the

bushes and trees near the water.

The eggs of this bird can be hatched under a hen, and
when the young are so reared they become very tame, and
may be kept in an aviary, or on ornamental water.

The female is slightly larger and a little brighter in

colour than the male, but otherwise she resembles her

mate. The upper parts of the bird are of a glossy olive-

brown, so dark that at a distance the bird appears to be

almost black. The under parts are dark slate-grey shading
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down to a clouded white, while there are streaks of the

same colour on the flanks. The under feathers of the

tail are white, contrasting with the almost black upper

feathers. The iris and bill are red, and the bill is rendered-

still more striking by a bright yellow tip. Ttie legs, which
are of a pale green, have a bright red band just above the

so-called knee. It may here be said that what is generally

known as the knee of a bird is in reality the tarsal or

ankle joint, and not the knee at aU ; the knee joint being

higher up and concealed by skin and feathers.

The young birds of the year are lighter in colour than
the mature birds, and they have green beaks.

THE FACE OF THE SKY FOR SEPTEMBER.
By Herbert Sadler, F.R.A.S.

THEBE is but little diminution at present in the

number of spots on the solar surface. There will

be a total eclipse of the Sun on the 29th, which,

however, will be invisible in Europe or America.
Conveniently observable minima of Algol occur at

lOh. 16m. P.M. on the 5th ; at 7h. 5m. p.m. on the 8th; at

llh. 58m. p.m. on the 25th ; and at 8h. 47m. p.m. on the

28th.

Mercury is too near the Sun to be observed this month

;

he is in superior conjunction on the 3rd.

Venus is a morning star, rising on the 1st at 3h. Im.
A.M., or 2h. 12m. before the Sun, with a northern

declination of 16° 25', and an apparent diameter of 10|",

^^ths of the disc being illuminated, and the apparent

brightness of the planet being about what it was on
February 8th. On the 10th she rises at 3h. 27m. a.m., or

2h. before the Sun, with a northern declination of 13° 5',

and an apparent diameter of 10|", yV^jths of the disc being
illuminated. On the 20th she rises at 3h. 57m. a.m., or

Ih. 47m. before the Sun, with a northern declination of
8° 48', and an apparent diameter of 10-4", -rVo^'^s of the

disc being illuminated. On the 30th she rises at 4h. 29m.
a.m., or Ih. 30m. before the Sun, with a northern declination

of 4° 6', and an apparent diameter of 10^", yggths of the

disc being illuminated. During the mouth she pursues a

direct path through the whole of Leo into Virgo, being

just over ^° north of Regulus on the morning of the 11th.

Mars is an evening star, and is becoming very well

situated for observation. He rises on the 1st at 8h. 34m.
P.M., or Ih. 48m. after sunset, with a northern declination

of 9° 15', and an apparent diameter of 17-4", the phase on
the s p limb amounting to 1-7". On the 8th he rises at

8h. 8m. P.M., or Ih. 39m. after the Sun, with a northern
declination of 9° 37', and an apparent diameter of 18-4",

the phase amounting to 1-5". On the 18th he rises at

7h. 29m. P.M., or lb. 22m. after the Sun, with a northern
declination of 9° 50', and an apparent diameter of 19-8'',

the ijhase amounting to l-l" On the 30th he rises at

6h. 36m. P.M., or 55m. after the Sun, with a northern
declination of 9° 37', and an apparent diameter of 21-1",

the phase now only amounting to 0-6". During the mouth
he describes a short curved path to the N.E. of the 4^
magnitude star Ji Ceti, on the confines of Cetus and Aries",

the planet being situated between f' Ceti and i Arietis (5s
magnitude), and being stationary in the heavens on the
15th. On the evening of the 2nd an 8i- magnitude star

will be closely n p the planet.

Jupiter is an evening star in the sense of rising before
midnight. On the 1st he rises at llh. 11m. p.m., with a
northern declination of 23° 4', and an apparent equatorial

diameter of 36-0", the phase on the /< limb amounting to
0-3". On the 7th he rises at lOh. 51m. p.m., with a

northern declination of 28° 3', and an apparent equatorial

diameter of 36V'. On the 18th he rises at lOh. 14m. p.m.,

with a northern declination of 23° 1', and an apparent
equatorial diameter of 37f". On the 30th he rises at

9h. 26m. p.m., with a northern declination of 22° 59', and
an apparent equatorial diameter of 39:1^', the phase
amounting to 0'4". The following phenomena of the

satellites occur while the Sun is 8° below and Jupiter 8°

above the horizon :—On the 1st an occultation reappearance

of the third satellite at Oh. 53m. a.m. On the 2ud an
eclipse disappearance of the first satellite at 3h. 13m. 27s.

a.m. On the 3rd a transit ingress of the shadow of the first

satellite at Oh. 28m. a.m., a transit ingress of the satellite

itself at Ih. 43m. a.m., a transit egress of its shadow at

2h. 43m. a.m., and a transit egress of the satellite at

3h. 59m. A.M. On the 4th a transit ingress of the shadow
of the second satelhte at Oh. 43m. a.m., an iiccultation

reappearance of the first satellite at Ih. 10m. a.m., a
transit egress of the shadow of the second satellite at

3h. 14m. A.M., and a transit ingress of the satellite itself

at the same time. On the 6th an occultation reappearance
of the second satellite at Oh. 42m. a.m. On the night of

the 6th Jupiter will appear with apparently seven satellites

in a small telescope. At midnight an 8-6 magnitude star

will be nearly midway between the first and third satellites,

rather nearer the third, the star p the planet about d^'

,

O'l'. south of the centre. Closely /' the planet at the
same hour (between the second satellite and Jupiter),

about \^' f and ^' south, will appear an 8-1 magnitude
star, which will be just south of the planet's centre at a

distance of rather over \' fr'om the southern limb at 4h.

A.M. on the 7th. And at the same hour (midnight) on the

6th an 8-5 magnitude star will be aboat ^' f the fourth

satellite, ;;nd about 2f ' south of it ; at 4h. a.m. on the 7th
this star will be 2-^' / Jupiter, and 2^' south. Besides

these, there will be sis more stars between 8-i and lOJ
magnitudes within a radius of 15' from the planet, making,
with the four satellites, thirteen objects visible in a field of
30' diameter, with a planet in the centre, on a 2ior 3 inch

achromatic. On the 8th an occultation disappearance of

the thiid satellite at 2h. 22m. a.m. On the 10th a transit

ingress of the shadow of the first satellite at 2h. 22m. a.m.,

of the satellite itself at 3h. 39m. a.m. ; a transit egress of

the shadow at 4h. 37m. a.m. On the lltli an occultation

reappearance of the first satellite at 3h. 6m. a.m., and a

transit ingress of the shadow of the second satellite at

8h. 17m. a.m. On the 12th a transit egress of the first

satellite at Oh. 24m. a.m. On the 13th an eclipse re-

appearance of the second satellite at Oh. 40m. 39s. a.m., an
occultation disappearance of the second satellite at Oh. 49m.
A.M., and its occultation reappearance at 3h. 23m. a.m.

On the 15th an eclipse disappearance of the third satellite

at Ih. 20m. 17s. a.m., and an eclipse reappearance of the

satellite at 3h. 43m. 30s. a.m. On the 17th a transit

ingress of the shadow of the first satellite at 4h. 16m. a.m.

On the 18th an eclipse disappearance of the first satellite

at Ih. 28m. 31s. a.m., and a transit egress of the third

satellite at llh. 25m. p.m. On the 19th a transit ingress

of the first satellite at Oh. 4m. a.m., a transit egress of its

shadow at Ih. Om. a.m., a transit egress of the satelhte

at 2h. 17m. a.m., and its occultation reappearance at lib.

29m. a.m. On the 20th an eclipse disappearance of the

second satellite at Oh. 49m. 54s. a.m., of its reappearance

at 3h. 17m. 17s. a.m., and its occultation disappearance at

3h. 28m. A.M. On the 22nd a transit egress of the second
satellite at Oh. 23m. a.m. On the 25th an eclipse dis-

appearance of the first satellite at 3h. 21m. 52s. a.m. On
the 26th a transit ingress of the shadow of the first

satellite at Oh. 38m. a..m., a transit ingress of the third
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satellite at Oh. 4im. a..m., a transit ingi-esa of the first

satellite at Ih. 58ai. a. jr., a transit egress of its shadow
at 2h. 53m. a.m., a transit egress of the third satellite

at 3h. 29Ln. a.m., a transit egress of the first satellite at

4h. 14m. A.M. On the 27th an oocultatioa reappearance of

the first satellite at Ih. 23m. a.m., an eoUpse disappearance

of the second satellite at 8h. 2Gm. Is. a.m. On the 29th

a transit egress of the shadow of the second satellite at

Oh. llm. a.m., a transit ingress of the satellite at Oh. 22cQ.

a.m., and its transit egress at 2h. 58m. a.m. The following

are the times of superior and inferior conjunctions of the

fourth satellite with the centre of the planet :—Superior,

September 6tb Oh. 57m. a.m. ; September 22nd, 7h. 42m.
P.M. Inferior,, September 14th, lOh. 57m. a.m. Jupiter

is in quadrature with the Sun on the 28th, and during the

month he describes a direct path in Gemini, being about

i° north of ij Geminorum on the 1st, and about the same
distance north of /t Geminorum on the 16th.

Saturn is invisible, and we defer an ephemeris of Neptune
till October.

Uranus can still be seen, but must be looked for directly

after sunset. He sets on the 1st at 9h. 14m. p.m., with a

southern declination of 15° 7', and an apparent diameter

of 3-6". On the 30th he sets at 6h. 50m. p.m., with a

southern declination of 15° 32'. During the month he
describes a direct path in Libra, being a little to the S.E.

of ai a- Libra; at the end of the month.
There are no well marked showers of shooting stars in

September.

The Moon enters her first quarter at Ih. 3m. a.m. on the

7th ; is full (harvest Moon) at 4h. 21m. a.m. on the 15th
;

enters her last quarter at Oh. 32m. p.m. on the 22nd ; and
is new at 5h. 44m. a.m. on the 29th . She ia in apogee at

8h. A.M. on the 10th (distance from the earth 251,600
miles), and is in perigee at 6h. a.m. on the 26th (distance

from the earth 227,230 miles). At 8h. 21m. p.m. on the

7th the 6th magnitude star B.A.C. 4923 will make a near
approach to the lunar limb at an angle of 17°. At 9h. 8m.
P.M. on the 6th the 6i magnitude star B.A.C. 5603 will

make a near approach at an angle of 184°. At 6h. 5m.
P.M. on the 9th the 6th magnitude star B.A.C. 6628 will

disappear at an angle of 37°, and reappear at 7h. 4m. p.m.

at an angle of 307°. At 8h. 45m. p.m. on the 11th the 5^
magnitude star x Capricorni will make a near approach to

the lunar limb (2i' distance) at an angle of 385°. At
Oh. 43m. A.M. on the 12th the 5i magnitude star

<J)
Capricorni

will disappear at an angle of 72°, and reappear at Ih. 50m.
A.M. (the star setting at the time) at an angle of 227°. At
Ih. 17m. A.M. on the 14th the 6th magnitude star 70
Aquarii will disappear at an angle of 88°, and reappear at

2h. 16m. A.M. at an angle of 200°. At 2h. 6m. a.m. on the

17th the 4th magnitude star c Piscium will disappear at an
angle of 353°, and reappear at 2h. 43m. a.m. at an angle of

298'. At 8h. 16m. p.m. on the 18th the 6th magnitude
star 27 Arietis will make a near approach at an angle of

334°. At 9h. 59m. p.m. on the 19th the 6^ magnitude
star 66 Arietis will make a near approach at an angle of

336°. At Ih. 28m. a.m. on the 20th the 6th magnitude
star 9 Tauri will disappear at an angle of 84°, and reappear

at 2h. 87m. a.m. at an angle of 225°. At 8h. 4m. p.m. on
the same day the 5^ magnitude star ^ Tauri will disappear

at an angle of 52°, and reappear at 8h. 49m. p.m. at an
angle of 276°. At Oh. 48m. a.m. on the 22nd the 6^

magnitude star B.A.C. 1746 will make a near approach at

an angle of 168°, and at lib. 10m. p.m. the 5i magnitude
star 49 Aurigte will make a near approach at an angle of

356°. At Oh. 41m. a.m. on the 24th the 6th magnitude
star c Geminorum will disappear at an angle of 81°, and
reappear at Ih. 34m. a.m. at an angle of 287°. There will

ha a partial eclipse of the Moon on the morning of the

15th, which will be partly visible at Green ivich. The
first contact with the peaucnbra takes place at 2h. Om. a.m.,

with the shadoiv at 3h. 36ai. a.m. (exictly at ths northern-
most portion of the limb for direct image), the middle of

the eclipse at 4h, 32m, a.m.—mignitude (Moon's diameter
= 1) 0-225; la3t contact with shadow 5h. 27m. a.m. (angle
58° from north point towards the west). The Moon sets

at Greenwich eleven minutes later, the San rising at about

the same time.

Erratum.—-"Face of the Sky for August," page 191,

column 1, line 9, for " llh. 52m.," read " lib. 52m."

€1^(00 Column.
By C. D. LooooK, B.A.Oxon.

CoiiiMTjNioATioNs for tMs colunm should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12tb of each month.

J. E. Gore.—It seems to us that economy of force baa
not been sufficiently studied in the two-movers enclosed.

Some of the pieces, too, appear to be unnecessary.

Mrs. Baird and Messrs. B. G. Laws and W. De Morgan
are thanked for problems, which are marked for insertion

at an early date.

W. Peniiett.—Thanks for the game, which is inserted

below.

PROBLEMS.
By F. H. Guest (Smethwick).

Black (4).

White (4).

White matea in two moves.

Black (6).

White (9).

White mates in three moves.
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The following is one of nineteen simultaneous games
recently played by Mr. C. Moriau at the Chess Bohemians
Club :—

" Evans Gambit.'

"White

(C. Moriau).

1. P to K4
2. Kt to KB3

B toB4
P to QKt4
P to QB3
Castles

P toQ4
PxP
P to Q5
B to Kt2
BxKtP (a)

12. B to KB6 (i)

13. Q to R4ch
QxKt
K to Esq (c)

QKt to Q2 (rf)

Q to K2 (c)

18. QR to QKtsq ((/)

19. R to Ktsq {h)

20. RxR
21. Kt to Kt5
22. KtxQ

3.

4.

0.

7.

8.

9.

10.

11.

14.

15.

16.

17.

Blaoe
(W. Pennott).

1. P to K4
Kt to QBB
B to B4
BxP
B toB4
P to Q3
PxP
B to Kt3
Kt to E4
Kt to K2
KR to Ktsq
KtxB
Q to Q2
R x KtPch
Q to R6
B to Kt5

17. Kt to Kt3
( f)

18. Kt to B.5

RxRch
KtxQ
KtxR
Kt X Kt and wins.

2.

3.

4.

.5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

IG.

19.

20.

21.

22.

Notes.

(a) 11. B to Q3 is the accepted continuation here. It

is less probable that Mr. Moriau was ignorant of the

dangers attending this capture than that he fancied or

hoped that his opponent might be in that blissful state.

(b) The books give 12. B to Q4, with a similar con-

tinuation, the Black Knight ultimately going to KR5.

(c) Clearly 15. KxR, Q to Kt5ch leads to a speedy

mate.

(rf) Or 16. B X Kt, B to Kt5 ; better than 16. . . QxKt,
17. Q to B3.

(f) A grave mistake. 17. Q to R4ch was much better.

( /) For now Black might have won the Queen at once

by 17. . . RxRPch.

(g) As the previous note still applies, the only chance

now was 18. Q to Kt5ch, K to Bsq ; 19. Q to Kt3.

(h) Now there is nothing left ; for if 19. Q to KtSch,
P to B3, followed by R x Pch. White's defence throughout

was too difScult for the simultaneous player, to whom an
attacking game is always more suitable.

We have received for review a copy of the Games of the

Steinitz-Lasker Championship Match, edited by Mr.
J. G. Cunningham. The book, which may be obtained

from 19, Bagby Street, Leeds, for Is. 6d., is a paper

pamphlei of 80 pages, resembling, externally, a double

number of the British Chess Magazine. The contents

consist of the biographies and performances of the two
players, short accounts of their predecessors, a description

of the match, and the nineteen games played in it, with

copious notes quoted from various authoritative sources.

The same move is frequently annotated by two or more
able analysts, the result being at times strangely con-

tradictory. The misprints of daily journalism, such as

"constellation" for "continuation," are inserted without

correction. But these do not in any way detract from the
value of the book as a permanent record of the most
important match played in this generation.

CHESS INTELLIGENCE.

Messrs. Blackburne, Mason, and Teichmann are spoken
of as probable competitors in the International Tournament
at Leipsic. Messrs. Loman, Trenchard, and E. 0. Jones
are likely to take part in the minor tournament.

A match will shortly take place at the Manhattan Chess
Club between Herr Albin, formerly of A'ienna, and N.
Jasnagrodsky, well known in England a few years ago.
Both players seem to have made the United States their

permanent abode.

The correspondence games between Mr. Steiuitz and
the Liverpool Chess Club have been resumed. A corre-

spondence match is also in progress between Paris and St.

Petersburg. M. Rosenthal is a notable absentee from the
Parisian Committee.

A match has just been concluded at Nuremburg between
Dr. Tarrasch, of that city, and Herr C. A. Walbrodt, of
Berlin. The result was a. most decisive victory for Dr.
Tarrasch by seven games to none, with only one game
drawn. This is certainly a most disappointing performance
on the part of the man who did not lose a single game in

the Dresden International Tourney, and was thought to

have improved since then. Certainly his supporters must
have been surprised at his inability to draw more than a
single game against his opponent, though the latter played
in fine style throughout. A notable feature of the match
was the absence of any time limit.

CONTEN

Tlie Ancient M.inimals of
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EXPERIMENTS ON THE RADIATION OF

CERTAIN HEATED GASES AND VAPOURS.
By J. Ea-ershed, F.R.A.S.

THE recently published researches of Dr. Pringsheim
{]V,iiliiuiii}i's Annahn, 1802, No. 3) and Prof.

Smithells (Philo>ii)pliical Maiia:iiie, March, 1894)
on the radiation of gases, raises an important
question in connection with solar physics, namely,

do tlio various gases forming the chromosphere and
prominences, and the metallic vapours in which the photo-

sphere is bathed, emit their special light radiations merely

by reason of the high temperature to which they are

exposed, or is there some chemical process involved ; the

luminosity being caused by what, from sheer ignorance as

to the actual relations existing between matter and the

ether, has been called " chemical luminescence," or the

direct transformation of chemical energy into light'? The
latter view appears to have been adopted by A. Brester,

and in his theory of solar phenomena he supposes a

continual recombination of dissociated matter in the outer

cooling layers, where other matter, condensed by the loss

of heat into mist, no longer forms an obstacle to the free

play of the chemical forces involved.

Or again, is the gaseous luminosity the result of

electrical excitation, as other physicists have supposed,

notably M. Deslandres, of the Paris Observatory ? On this

view the solar atmosphere is believed to be the seat of

violent electrical disturbances, somewhat analogous to our

terrestrial thunderstorms and aurora but on a colossal

scale, the prominences and those curious patches of bright

calcium vapour which have been found to be so inti-

mately associated with the facul* on the solar disc, being

regarded as local manifestations of electrical energy.

I propose in this article to bring forward evidence to

show that whilst both chemical and electrical phenomena
may, and very probably do, at times produce luminous

effects on the sun, yet there is no necessity whatever to

invoke the aid of either of these forces to account for the

general illumination of the chromospheric gases and the

ordinary prominences or the metallic vapours forming the
" reversing layer " at the base of the chromosphere, and
that there is strong reason for believing that these gases

shine simply because they are excessively hot.

This, of course, was Kirchoffs original idea, but it seems

to have been called in question of late years on account

of the ditficulty or impossibility experienced by experi-

mentalists in inducing any gas or vapour to emit its own
characteristic light radiation, or indeed any radiation,

except when under the influence of the electrical dischirge

as in Geissler tubes, or of chemical forces as in ordinary

flames ; and it has always hitherto been through one or

other of these agencies that the emission spectra of bodies

has been studied in the laboratory. Quite recently,

however. Prof. Smithells has carefully studied the glow
produced when iodine vapour is heated, and has come to

the conclusion that the light is simply the result of the

high temperature. The vapour is in fact "red hot" just

like any heated solid body, and it is this observation that

has led me to make a series of experiments both with

iodine and several other elementary gases and vapours,

with the view of determining, first, whether the glowing

iodine obeys Kirchoff's law, according to which the radia-

tions of the heated vapour should have the same wave-

lengths as are absorbed when white light passes through

it, and secondly, whether this property of glowing is

peculiar to iodine or is shared by other elementary bodies

in a greater or less degree. After this I proposed to

attack the problem of heated metallic vapours, and find an

answer to the question whether they can be made to emit

their characteristic light radiations by heat alone, the

results of the researches of Dr. Pringsheim in this

direction (above quoted) not appearing to me to give a

decided verdict one way or the other.

The first experiments which I shall describe answer the

first two questions quite satisfactorily, and as these are

comparatively simple in their nature, and easily verified,

it will be unnecessary for me to give an exact and detailed

description of the apparatus actually employed ; the only

essential parts being a spectroscope, a Bunsen burner, and
a piece of hard glass tube. I will, however, ask the

indulgence of the readers of Knowledge when we come to

consider the more critical experiments with glowing sodium,

when it will be necessary to describe at some length the

disposition of the various parts of the apparatus used, and
the precautious taken to insure a valid result.

To determine, then, the first point—that is, the nature

of the light emitted by iodine—a piece of hard glass tube,

closed at one end, was strongly heated about the middle,

and an image of the hot part was thrown across the slit

of a spectroscope by means of a lens. A faint streaky

spectrum, due to glowing opaque particles in the glass,

was all that could be seen. A little iodine was then pushed

into the tube, and immediately a bright glow filled the

central bore. The spectrum showed no lines or bands,

but appeared perfectly continuous, and similar to that pro-

duced by a red-hot iron wire, with which it was directly
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compared ; no sign of resolution into lines could be seen,

even with a highly dispersive train of five prisms.

Next, a ray of white light from the flame of a paraffin

lamp was made to pass through the glowing tube and enter

the spectroscope, after having suffered absorption by the

heated vapour. The dark bands characteristic of cooler

iodine were seen to be unchanged, and there was no sign

of any continuous absorption. Thus, at the temperature

of the experiment, iodine emits a continuous spectrum, and
does nut emit only those rays which it absorbs.

The second question, as to whether this curious phe-

nomenon of a gas glowing with continuous light like a

solid was a property special to iodine, was soon answered

in the negative. ThiTS bromine was tried with exactly the

same results, the glow being quite as conspicuous as that

of iodine. Then chlorine was attacked, and after several

unsuccessful attempts, this also was found to give a perfectly

distinct glow of the same character as the others. The
experiment was arranged as follows ; chlorine from a

generating flask was thoroughly dried by passing slowly

through a long tube of calcium chloride ; the dry gas was

then passed along a straight piece of combustion tube heated

strongly in the middle, this tube being connected with a

larger glass tube, in which was placed a small reflecting

prism, which allowed one to look along the central bore of

the hot tube. With the room in which the experiment was
performed made as dark as possible, and the eye screened

from the light of the Bunsen, a faint but perfectly distinct

glow was seen to gradually fill up the tube, beginning on

the lower or hottest portion. With a spectroscope of very

small dispersion and wide slit, the light appeared to be

continuous, but it could only be traced between the positions

of D and E of the solar spectrum, probably because of

the greater sensitiveness of the eye for this region. There

seems to be no more reason to suppose any chemical
" luminescence " in the case of dried chlorine than in that

of iodine or bromine.

After these experiments it was thought probable that all

colonri'd vapours would be found to glow in the same way.

Accordingly the vapours of sulphur, selenium, and arsenic

were tried in an atmosphere of nitrogen, and all were

found to glow faintly. Phosphorus, however, which gives

a colourless vapour, appeared to give no light when free

from every trace of oxygen.

The conclusion, therefore, is that all the elements

which have been named, except phosphorus, can be made
to emit Hght by the mere application of heat, but that

probably in every case Kirchoff's law is entirely disregarded,

the emission not corresponding in any way with the

absorption spectra, and for this reason one cannot compare

these luminous vapours with the chromosphere radiations,

or with discontinuous radiation generally. It might still

be contended that line spectra can only be generated by
chemical or electrical luminescence.

My next endeavours were, therefore, directed to the pro-

duction of metallic line spectra by heat, rigidly excluding

chemical action. Sodium was the element chosen for the

initial experiments ; the powerful absorption produced by

the vapour of this metal on yellow " D " hght seemed, on

Kirchoff's hypothesis, to give the best chance of success at

the very moderate temperatures at my command."
The apparatus used in this research, although apparently

rather complicated, is really simple enough and can easily

be rigged up by anyone at all famUiar with chemical mani-

pulations. It was designed with the object of excluding

* My heating outfit consists of a single Bunsen burner with an

oblongaperture, supplied from a lialf-incli gas main, and giving a flat

flame about six inches high and two inches wide.

absolutely from the tube which was to be heated any gas
that might be expected to act chemically on the vapour of

the metal. In the diagram Fig. 1, A and B are two
similar gas holders, improvised by inverting a couple of

two gallon tins mouth down into larger iron vessels

containing strong brine
;

guides are provided, so that

the tins will float up perpendicularly when full of gas,

a stopcock is soldered into the bottom plate of each
tin (at the top in the position used), and a rubber tube

leads from A to a couple of wash bottles (S' S") con-

taining strong sulphuric acid ; from S" a long tube of hard
glass (Pi containing a little phosphorus leads into the

drying tube (C), which is packed with calcium oxide and
calcium chloride, the former to remove carbonic acid and
the latter the last traces of water which may remain in

the gas used after passing the sulphuric acid bottles. The
drying tube connects on to the porcelain heating tube (H)
through a metal T-piece, one end of the T having a glass

plate carefully cemented in so that one may look along the

inside of the heating tube, to which the T is connected by
rubber tube tightened with wire, both connections being
also buried in sealing wax. At the other end of H, which
is covered in the centre by a tire-clay arch, is a second T
of glass, one limb connecting with a glass gland or stufllng-

box (G) with pierced rubber ends and filled with mercury.
A long steel rod passes through the gland, the end being

flattened to a spoon shape ; this can be pushed along to

the centre of H or drawn out past the entrance of the

side tube of the T. This side tube is closed by a perforated

rubber stopper, through which a small glass tube passes

bearing a small reflecting prism cemented to the end,

which is thus closed up ; but in order to allow of the

escape of the gases, so that a current may be set up in the

apparatus, a hole is blown in the s'de of this tube near the

prism. The outer end of the tube is connected by rubber
tubing to another wash bottle (S'") containing sulphuric

acid, and from this again a tube leads to the gasholder B.
Thus the entire apparatus forms a closed circuit and has
no inlet or outlet. The gasholders have each a Y tube

attached, one branch of the Y leading to the apparatus
and the other connecting A with B by means of a rubber
tube carrymg a clip. The S at the foot of the diagram is a

direct vision spectroscope, and L is a lens focussing the

central parts of the tube H on to the slit of the instrument

;

both are attached to a strip of hard wood movable hori-

zontally about an axis placed between the lens and the

slit. This enables one to instantly push aside the spectro-

scope into the position shown by dotted lines, and observe

the glowing tube directly.

The modm operandi of an experiment is as follows :

First, one fills the gasholder A with some neutral gas

containing no oxygen, or only a trace of that element,

such as nitrogen or hydrogen, or ordinary coal gas.

When full it is disconnected with the gas generator or

gas main, as the case maybe, and connection is made with

the apparatus. Next, weights are put on the inverted tin

until sufficient pressure is obtained to drive a current of

gas thi-ough the wash bottles, drying tube, &c., into B,

which will rise as A sinks. Then the Buuseu is lighted

under the porcelain tube, which it presently heats up to a

white heat for about two inches of its length. After

sufficient dry gas has passed through, and all trace of

moisture has gone, the current is stopped by closing the

stopcock on A, and a small pellet of sodium is dropped

into the steel spoon through the side tube of the glass T,
the stopper with the inner tube and prism being removed
for tills purpose and quickly replaced ; the current is tLen

restarted in order to drive away any oxygen that will ha^e
diflused in by the operation, and at the same time the tube
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P is gently heated by a spirit lamp flame until a small
faintly luminous flame is seen, indicating combination of
the last traces of oxygen with the phosphorus. After this

has gone on a sufficient length of time, and the apparatus
may be considered to be absolutely free from oxygen,
water, or carbonic aoid, the stopcock on A is again closed

Experiment II.—A pellet of clean sodium was placed
in the steel spoon and the gas (coal gas) allowed to
circulate, the phosphorus being heated. The line seen
in Experiment I. was watched, and some time after it had
quite disappeared the current was stopped, and the sodium
pushed into the hot part of the tube. Instantly the central

and the steel spoon carrying the sodium is pushed into the

hot part of the tube H, turned over, the sodium shaken
out and again withdrawn past the entrance of the side tube.

Now the tube carrying the prism is pushed down into line

with the tube H, and the white flame of a paraffin lamp is

placed close alongside the glass T, so that a ray of white
light can be made to traverse the glowing vapour in H.
One may now observe at will the absorption or emission
spectrum of the glowing sodium by the simple operation

of turning the lamp flame up or down.
I will now proceed to describe some of the experiments

actually performed.

Experiment I.—With the porcelain tube strongly heated
a slow current of coal gas, not specially freed from oxygen,
was allowed to circulate in the apparatus, no sodium being
admitted. A distinct and fine sodium line was visible in

the spectroscope, which increased in brightness when a
little air was mixed with the gas, but which gradually

faded to invisibility when the phosphorus tube was heated

so as to eliminate oxygen.
The explanation of this result is quite simple ; the

hydrogen combines with the trace of oxygen when it

reaches the hot tube, and the " flame " so formed (which,

however, is not visible as such except when a large

quantity of oxygen is present) becomes tinted with sodium
derived from the tube itself just as the Buusen flame

outside is tinted. This line, then, may be classed as the

result of chemical " luminescence," whatever physical

meaning may be ascribed to that expression.

bore of the porcelain was flUed with light, which in the
spectroscope was found to be perfectly continuous, but
crossed by a very wide black line at D. Gradually the
continuous spectmm faded, and as it became fainter the
dark D line was seen to ba bordered with a fringe of light

on each side; and as the vapour became less and less dense,
owing to the distillation of the s odium into cooler parts of
the tube, the D line went through the changes represented
in Fig. 2, in the order a, h, c, d, finally persisting as a rather
wide" bright line in which a very fine dark line could
usually be made out. But at any stage of the experiment,
the dark central line could easily be extinguished by
allowing a gentle current of gas to push back the cooler
absorbing layer into the hotter regions. Now the question
to decide was, whether this bright, broad, hazy D line was
or was not the result of chemical activities.

Experiment III.—The sodium spectrum was examined as
in Experiment II., but without heating the phosphorus, a
considerable trace of oxygen, therefore, remaining in the
gas. With the current stopped, the phenomena observed
were the same as in Experiment II., but as s.'on as a slow
current was allowed to impinge on the sodium by partly

opening the stopcock on A, the centre of the broad bright
line became much brighter, and could be seen projected on
the adjacent continuous spectrum from the glowing sides

of the tube.

* The dispersion of the spectroscope being insufficient to separate
the components of the D line, it is evident that when a " wide " line

was seen the two components of the pair were fused into one.
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I consider that Expeiimeuts II. and III. prove that

oxygen derived from the coal gas used plays no noticeable

part in the production of the bright line, for it is evident

from the very great width of the line that the light is

coming from a considerable thickness of very dense vapour,

and it is impos-

sible to believe

that oxygen can
be continually

diffusing into the

central dense
regions without
being arrested at

the outer layers

;

and in proof of

this, Experiment
III. shows the

actual effect of

allowing oxygen
to impinge upon
the outer layer,

the only result

being to obliter-

ate the absorp-

tion line and
produce a central

narrow line
brighter than
the broad line.

There is, how-
ever, another
possible source of

chemical energy,

namely, the por-

celain tube itself,

whence oxygen
may be derived

from the silicates

of which it is

composed ; and
some support is

given to this

supposition by
the fact that after the experiments the tube is found to

be considerably corroded, black silicon being deposited on
the inside.

To test this I arranged another experiment as follows :

Experiment IV.—A short piece of iron tube, two and a half

inches long and about three-eighths of an inch bore, was
bevelled at the ends and fitted between two pieces of hard
glass tube, the joints being ground to fit. This made a

practically air-tight joint when the glass became soft by
contact with the heated iron and was pressed close up,

and it permitted a high temperature to be attained in the

iron without the loss of heat by conduction which would
ensue if the tube were made wholly of iron. Moreover,
the temperature gradient being very sharp at the joints on
account of the bad conducting power of the glass, there

will only be a thin layer of the cooler absorbing vapour
formed, through which one must always observe the

bright-line phenomena.
With the tubes thus arranged the Bunseu was made to

play only upon the iron, and when this had reached its

maximum temperature the sodium was tipped out from
the steel spoon as before. Now, if in the previous trials

the luminosity was due to chemical action taking place

between the sodium and the oxygen compounds of the

* Theee experiments liave been repeated with nitrogen in place
of coal gas, and with identical results.

Fig. 2.

—

n. Continuous spectrum of dense
sodium vapour witli D absorption. /;, c, d.

Successive appearances after the continuous
light has faded; tlu^ glowing sides of tlu'

tube give the bright edges to tlu> spectrum.
e. Ordinary llamc spectr\im of fodium witli

low disptM'sion.

porcelain, one ought in this experiment to find a striking

difference in the intensity of the radiation. No such

difference was, however, to be observed, the sequence of

phenomena being exactly similar to that represented in

Fig. 2. Some more experiments are contemplated with

the iron titbe.but I thinli enough has already been done to

dispose of the theory that the light is caused by chemical

processes.

lu the foregoing experiments there still remains to be

explained the continuous spectrum seen for a short time

when the sodium is first volatilized. To investigate this the

lamp and reflecting prism are brought into operation, and
directly the sodium is pushed in, filling the tube with a

reddish glow, the lamp is turned up and the prism

adjusted. Then a most beautiful phenomenon is revealed ;

the glowing vapour is apparently opaque to white light,

but projected upon it is seen a splendid violet light

gradually changing to a fine blue as the vapour becomes
more transparent, then greenish, and fading until finally

no tint is seen—the heated vapour being at this final

stage, to all appearance, perfectly transparent. Viewed
with the spectroscope one sees, first, a bright band in the

violet, the rest of the spectrum being dark except for the

feeble continuous emissioti glow visible in the red and
green, then a bright green band is transmitted, and later

still a red band appears. These three beautiful bands of

transmitted light gradually widen, the black absorption

spaces between them becoming less and less in width and
intensity ; finally, the dark space in the blue fades away*
altogether, leaving only the band blotting out the yellow,

which soon narrows down and becomes the ordinary D
absorption line.

Now, by comparing the emission with the absorption at

every stage, it was found that the continitous glow was
briglitest at first, when the absorption was greatest, and as

the dark bands diminished the emission also faded, per-

sisting, however, as long as the least trace of a dark band

could be seen in the blue, vanishing when this dis-

appeared.

The explanation of this result, I have no hesitation in

saying, is as follow.^ :—When the sodium vapour is above

a certain density it gives the remarkable absorption

spectrum described, liut like iodine and other coloured

vapours it emits, when in this condition, continuous light.

I must here remark, however, that in performing this last

experiment great care must be taken to have the apparatus

dry and free from oxygen, and the metal must be pure and

bright, otherwise the result is complicated by the pro-

duction of a spurious glow due to solid particles of oxide

forming a smoke-like cloud.

Here, then, we have found a connecting link between the

radiation of the coloured vapours of the metalloids' and

the line spectra of the metals. May we not, therefore,

assume that all gaseous bodies are subject to the same
general laws governing their light radiations, and that a

sufficiently high temperature (coupled with not too great a

density) is the only condition required to make each

element strike its own characteristic light chord upon the

ether. The bearing of these experiments on the solar

radiation is obvious. Leaving alone the puzzling question

as to how the vibrating molecules are enabled to impart

their energy to the ether, we find it quite unnecessary

to introduce further mysteries, implied by the term

"luminescence," into the subject. The glowing calcium

and hydrogen of the chromosphere are in all probability

merely converting its enormous heat energy directly into

t Iodine lapour at higher temperatures is said to emit a dis-

continuous spectrum, eorresp ndiut; to tlie absorjitioii bands (Sniel.

ISpectroscopie, p. 174); thus tlic relation is still closer.
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liglit. In the absence of any knowledge regarding the
radiation of gases under the enormous pressures and
temperatures which must obtain in the deeper layers of
the photosphere, it would be hazardous to assert that the
continuous spectrum of these regions is in any way
analogous to the continuous spectra of the comparatively
dense vapours that I have subjected to experiment.

THE ANCIENT MAMMALS OF BRITAIN.
III.

—

The Lower Tertiary Period.

By R. Lydekker, B.A.Cantab., F.R.S.

BETWEEN the coralline crag and the Hempsted
beds of the Isle of Wight, which belong to the

middle portion of the Oligocene period, and are

the next Tertiary deposits met with in Britain,

is a long gap, owing to the complete absence of

all representatives of the Miocene and upper Oligocene
strata of the Continent. In consequence of this imperfec-

tion of the record, instead of finding a gradual transition

from the mammals of the crag period as we pass down-
wards through the Miocene beds till we reach the Oligocene,

we notice that the mammalian fauna of the lower Ter-

tiaries of Britain is utterly unlike that of the upper beds,

and shows not the faintest trace of connection with it.

In place of deer, rhinoceroses, horses, and pigs we have,

even in the highest beds of the lower Tertiaries, ungulate

mammals of strange and unknown types, all of which
belong to genera long since extinct, and differing widely in

the structure of their low-crowned cheek-teeth from all

modern mammals, although some appear to have approxi-

mated in external form to the tapirs and others to the

pigs. Elephants and mastodons were entirely unknown,
and the place of monkeys was filled by primitive lemur-

like creatures. All the indications aftbrded by the flora

and the moUuscan life of the Oligocene and Eocene beds

point to the conclusion that during those epochs Britain

enjoyed a tropical or sub-tropical climate
;
and, in some

respects, its faima may be compared to that of Madagascar

at the present day, although, of course, the genera of the

mammals, and in many cases even the families were
different. Indeed, of the land mammals inhabiting Oligo-

cene and Eocene England, only two groups can be referred

to genera that still exist, one of these being now relegated

to the New World.

Lest the reader should begin to think that the whole of

the strata whose fauna we have to consider in this part of

our subject belong to nearly the same geological period, we
hasten to point out the various groups into which they are

divided, preparatory to the consideration of their fauna.

The highest of the Oligocene beds in Britain are those

forming the steep clay clifi's on the western side of the Isle

of Wight, in the neighbourhood of Yarmouth, and termed

the Hempsted beds, from a village of that name which is

situated upon them. These belong to the middle portion

of the Oligocene period, and have a fauna similar to that

of certain beds at Konzon, near Puy-en-Velay, in the

Haute Loire. Next in descending order are the Bembridge
beds of the Hampshire basin, whose fauna corresponds

with that of the gypsum beds on which Paris stands, and
which are consequently assigned to the lower part of the

Oligocene ; the beds of Hordwell, in Hampshire, and
Headon, in the Isle of Wight, likewise belonging to the

same great division. The clays of Barton, in Hampshire,
which, like those next mentioned, unfortunately yield

scarcely any mammalian remains, bring us to the upper

portion of the Eocene period ; while the older clays of

Bracklesham, in Sussex, are assigned to the middle

division of the same epoch. Better known than these is

the London clay, forming the upper portion of the lower
Eocene, and yielding several types of mammals ; beneath
which are the unfossiliferous Woolwich and Reading beds,
resting on the chalk. Before proceeding to the considera-
tion of the fauna of these various beds, it may be observed
that mammalian remains are for the most part rare and
fragmentary, and that for a full knowledge of the extent
of the fauna of the period, and the structure of its com-
ponent items, we have to depend largely upon the
discoveries made on the Continent or in the United States,
both of which are more favoured than Britain in regard to

the preservation of early Tertiary mammals. In our survey
of the fauna of all these beds, it will be more convenient
to treat of the animals according to their zoological
position, indicating the difl'erent horizons in which they
severally occur.

At the present d;iy, as explained in a former article,

lemurs are chiefly characteristic of Madagascar, although
likewise occurring in Africa, and also represented in south-
eastern Asia, but in the Oligocene period they were
abundant in Europe. One of these early lemurs was
described from the Hordwell beds as far back as the year
1844 under the name of Micmrhuriiii, but it is only
recently that its true aflinities have been recognized. Not
much larger than a squirrel, this creature approximated in
the structure of its skull to the African lemurs known as

galagos, but differed from all the existing members of the
group in that the lower tusk was formed by the canine
tooth and not by the first tooth of the premolar series.

Still more difi'erent from any living lemur was the
Oligocene Ailapis, first described from France, and regarded
as an ungulate, but subsequently recognized from the
Hordwell beds. It difi'ers from all modern lemurs in
the presence of four pairs of premolar tfeeth in each
jaw, and one of the species attained a comparatively
large size, its skull measuring upwards of four inches in
length.

• In Madagascar lemurs are now accompanied by many
kinds of insectivores, and it is, therefore, not surprising
to find a member of that order in the Hordwell beds. This
animal (Xen-oi/i/mtuini), instead of being allied to the
Malagasy insectivores, appears, however, to have been
related to the gymnura of Borneo, which may be described
as a long-tailed hedgehog without spines, and therefore

somewhat rat-like in general appearance. Civets likewise

form an important element in the modern Malagasy fauna,
and the Hordwell lemurs were accompanied by a member
of that group assigned to the existing Afi-ican and
Oriental genus Viverra, which includes the true civets.

With the exception of the opossums, this civet is the only
terrestrial mammal from the earlier British Tertiaries which
can be referred to a still living genus. The other early British

carnivores belong to an extinct group known as the
creodonts, which disappeared with the close of the
Oligocene period, and differed from modern carnivores in

that all their molar teeth were furnished with sharp
cutting blades, instead of a single pair of cheek-teeth in

each jaw being specially modified for cutting with a
scissor-like action. In their dentition these primitive

carnivores approximate, indeed, both to the insectivores

and the marsupials, and they are undoubtedly far more
generalized types than the existing members of the order
to which they belong. While some were not larger than
a fox, others fully equalled the dimensions of the largest

bears. In Britain they are represented by one genus
(thixnodon) from the Hordwell beds, by a second (Pteioilun)

from the Bembridge limestone, and a third (Anii/lntlirrii'ni)

from the London clay. The last is, however, only known
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by an imperfect skull without the teeth, and may prove to

be identical with one of the foreign genera.

Passing on to the hoofed order, one of the most in-

teresting of the even-toed section is the Pichodon of the

Hordwell and Headou beds, as being the only early British

ungulate hanng the upper molar teeth with the four

crescentic columns characterizing the true ruminants, to

the ancestors of which group it was probably more or less

closely allied. Connecting these early ruminant-like forms

with the ancestors of the pigs is the Hi/opot(n»iis of the

Hempsted beds, in which the upper molars were of the

same general type as those of the auoplothere (represented

in figure A of our illustration), although the whole form of

the creature was more pig-like, the skull being long and
narrow, with large tusks, separated by an interval both

from the incisor teeth in front and the premolars behind.

The Hyopotamus was doubtless a four-toed animal like the

hippopotamus, but an apparently allied form from the

Headon beds takes its name of Diiiltqius from the reduction

of the toes to two in each limb. In the allied Anthni-

cot/uriuiii, of both the Hempsted and Headon beds, the

molars lose to a great extent the crescentic structure of

those of the Hijopntamus ; and in the gigantic Klotherium

from Hempsted, and the smaller CluFntpntaiiim of the

Bembridge series, we come to ungulates having tubercular

molars of the same general type as those of the pigs,

although in the upper jaw they retain the five-columned

arrangement characterizing the Hyopotamus, and have

much squarer crowns than those of the pigs. There can,

however, be little doubt that in this group we are very

close to the ancestral stock from which the modern pigs

and ruminants have alike originated.

On the other hand, the anoplotheres {Anoplotherium),

which occur in the lower OHgocene of the Isle of Wight,
and the upper molars of which are shown in figure A of the

L'jipcT cheek-teeth of ui) AiiojilothoiT, (B) I'ahcotliere, and
(C) Cori/phodoii. A is from the right, while B and (' are from the
left side.

accompanying illustration, belong to what is called an
inadaptive type—that is, one which has died out without
leaving descendants. These long-tailed animals, some of

which reached the dimensions of an average-sized mule,
were remarkable for the circumstance that the teeth

formed a continuous series round the jaws, without any
interruption by large tusks ; and they were further

peculiar among the group to which they belong in that in

some cases there were three toes to each foot, although in

others they conformed to the more normal type in having

but two. In these animals the premolar teeth (two of

which are shown on the right side of the figure) were

only slightly compressed, but the nearly allied small and
dehcately built siphodons take their name from the

extreme compression and secant form of the teeth in

question, in which respect they recall the modern chevro-

tains, or mouse-deer. Whether the xiphodons are really

British is not quite clear, although a skull from the red

crag, evidently derived from an older structure, has been
assigned to them. The large size of the " tear-pit," or

lachrymal fossa in front of the eye, has suggested for

another member of this group, having teeth of the ano-

plothere type, the name of Dacnjthcrhim, the English

representative of the genus having been originally

described from the Hordwell and Headon beds imder
the name of IHchohuiu.

This completes our list of the even-toed ungulates, and
we proceed to notice the few early Tertiary British repre-

sentatives of the odd-toed group, or those in which the toe

corresponding to the human middle finger is symmetrical

in itself and larger than either of the others. To this

group belong the well-known palteotheres (Paheothenum),

so abundant in the gypsum of the Paris basin and more
sparingly represented in the Headon and Bembridge beds

of Hampshire and the Isle of Wight. The structiire of the

cheek-teeth of a medium-sized representative of this genus

is exhibited in figure B of the illustration ; and in general

form these animals somewhat resembled tapirs, although

the neck was relatively longer, and there were but three

toes to each foot. It was long considered that the

palfeotheres were on the ancestral line of the horse, but

this view is now discarded, and they are considered, like

the anoplotheres, to represent an inadaptive type. A
much smaller animal described as Anchilophus, of which
teeth have been found in the Bembridge limestone, is,

however, either very close to, or actually on the ancestral

line in question. Its upper molar teeth are not very

unlike those of the palseotheres, but have the oblique

cross-crests, narrower, less inclined, and separated by a

more open valley. Although very common in the middle

and lower Eocene beds of the Continent, the large genus

of odd-toed ungulates known as LiqMoihm. are represented

in Britain only by a single species from the Bracklesham
beds. While their teeth are of the same general type as

those of the palseotheres and Anchilophus, the upper molars

differ in having the outer wd^ll formed by sub-conical

columns instead of flattened lobes, thereby resembling the

corresponding teeth of the modern tapirs. Although most,

if not all of these lophiodons died out without giving origin

to any posterity, the case is very difl'erent with the nearly

allied little Hyrarotherium, originally described upon the

evidence of an imperfect skull from the London clay at

Heme Bay, since this genus is one of the earliest to which

the ancestry of the horse can be traced. Thanks to the

perfect preservation of specimens discovered in the I'nited

States, where they were long known under a totally

difl'erent name, we now know that the hyracothere was a

small four-toed animal, intimately connected with a still

earlier five-toed type, while superiorly it leads on to the

Anchilophus and certain allied Miocene continental forms,

and thus to the modern horse. The hyracothere received

its name from an idea that it was related to the existing

hyrax ; and it is a curious comment on the early history

of paleontology to notice that the lower teeth of a second
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species obtained from the lower Eocene sand of Kyson,

in Suffolk, were at first supposed to pertain to a monkey.
If the paliEontological riches of the United States have

helped in the elucidation of the true affinities of the

hyracothere, still more markedly is this the case with

regard to the much larger ungulate originally described

on the evidence of detached teeth from the London clay

under the name of Coriiiihodon, in allusion to the strongly

marked oblique crests surmounting their crowns. From
nearly complete skeletons discovered in America, we know
that the coryphodons, which were animals with somewhat
the proportions of a bear, although furnished with a

well-developed tail, differed from both the odd-toed and
even -toed ungulates in having five toes to each of the very

short and wide feet, and likewise in the structure of the

feet themselves. The molar teeth, too, as shown in figure
(

' of the illustration, are likewise quite different from those

of any li\ing member of the order, and are remarkable for

the extreme shortness of their crowns. The nearest allies

of these animals were the uintatheres of North America,

distinguished by the presence of a large pair of tusks in

the upper jaw, and thetwogroups collectively constitute

the order of short-footed ungulates.

One remarkable palate of a mandible from the London
clay of Heme Bay, preserved in the museum at York, and
described under the name of Plati/charops, has given rise to

some amount of discussion as to its serial position. It has

been suggested, however, that it belongs to a peculiar

group of mammals from the North American Eocene,

which combine many of the characteristics of the ungulates,

carnivores, and rodents. Of the latter order there are but

small traces in the lower British Tertiaries ; but some
lower jaws from the Hordwell and Headon beds have been
referred to the genus Theridomij^, which is of common
occurrence in the corresponding continental strata, and
indicates an extinct family of the order. Whales are like-

wise rare, but from the Barton beds there has been

obtained a skull belonging to the peculiar group of

zeuglodonts, which are not improbably the ancestral types

whence the modern toothed whales have been evolved.

Unlike all existing members of the order, these extinct

cetaceans had double-fauged molar teeth, whose com-
pressed crowns had tlie edges surmounted by well-marked
serrations ; and, what is more remarkable, their bodies

appear to have been invested with a bony armour
comparable to that of crocodiles.

The last of the Tertiary mammals that we have to

notice are opossums {liidelphya), remains of which have
been detected both in the HordweU beds and in the lower

Eocene sand of Kyson. It is almost superfluous to add
that opossums, which in Oligocene and Eocene times were
widely spread over Europe, are now confined to America,

where they attain their greatest development in that half

of the continent lymg to the south of the Isthmus of

Darien. The relegation of the originally European genus

to the New World is somewhat analogous to the banish-

ment of the nearest living allies of the British Jurassic

mammals to Australia, and is a well-marked instance of that

gradual disappearance of the lower types of mammalian
life from the western regions of the Old World, with the

development of higher forms, which seems to have been such

a characteristic feature in the evolution of the present

faunas of the globe. Since we have already discussed the

mammalian fauna of the Jurassic rocks of Britain in our

article on " The Oldest Mammals," we may be excused
from further reference to that part of our subject on the

present occasion.

* See the figure in a previous article on " Tusks and their Uses."

INSECT SECRETIONS.-VI.

By E. A. Butler, B.A., B.Sc.

{Continued from page 198.)

THE secretions formed by beetles of which we have
hitherto spoken are of use only to their fabricators,

but we have now to consider a family of beetles

whose products have for a long time been turned

to account by human kind, and made an important

article of commerce. This family is the Cantharida or

Mtdo'idcF, some of the best known members of which are

called blister beetles and oil beetles. The family is a very

extensive one, containing more than a thousand species

already described, which are world-wide in their distribu-

tion, though the majority have their home in tropical

regions. Of this vast company we have only a very small

sprinkling in Great Britain, a select group of nine species,

distributed amongst three genera. Several of the nine

are amongst our rarest insects, and not more than one or

two are common. However, this small company contains

the most useful insect of the whole family, the renowned
Spanish fly, or blister beetle, Li/tta or Cantharis rcsiccitoria.

Nothing more romantic than the life-history of the

insects belonging to this family can be found throughout

the whole range of insect life. It may be remembered
that we have given details of two species of Melo'ilce in

our articles on " Bee Parasites," viz., the common oil

beetle, and the beetle named Sitaris muralis (see Knowledge,
Vol. XV., p. 166). These may be taken as typical of the

group, and the general history of a Meloid may, therefore,

be summarized as follows :—The eggs are extremely

numerous, and on hatching produce very minute six-legged

creatures, which have not merely the usual pair of claws

at the end of each foot, but in addition a central pad,

which looks hke a third claw, whence these little beings

are often spoken of as " triungulines " (three-clawed).

They are also distinguished by possessing long bristles

at the end of their bodies. They are very active, and
their one business is to discover a suitable kind of

bee, to whose body they may cling, so that they may
be carried away by it. and obtain entrance into its nest.

Here the little adventurer devours the bee's egg, and then

becomes changed into a fat-bodied, short-legged creature,

utterly unlike the little triunguline that produced it. The
food of this clumsy larva—for larva still it is, notwith-

standing its change of form—is the store that has been

laid up by the bee for her own young. By the time this is

finished, the larva has lost its legs and become barrel-shaped.

But the cycle of changes is not yet complete ;
other phases

have to be passed through before we arrive again at the

point from which we started. In the next stage it is a

six-legged grub again, similar to what preceded the legless

barrel. After this it changes to an ordinary chrysalis,

from which in due course the perfect beetle issues.

The great peculiarity in this marvellous history is the

existence of two totally distinct types of larva, which

succeed one another in time, viz., the active, running

triunguline, which reminds us somewhat of the larva- of

those insects that have an incomplete metamorphosis, and

the crawhng caterpillar-like being, which is typical of the

larvffi of those insects whose metamorphosis is complete.

And here again there is a further complication, this form

appearing twice, and its two appearances being separated

from one another by an interval during which the creature

passes into a form resembling the barrel- shaped chrysalis

of a fly. Thus we seem to have in the total twice as

many stages as are usually to be met with in the develop-

ment of an insect.
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But our present concern is chief!)' with the secretions

produced hy these insects. The oil beetle receives its

popular name from the fact that, when handled, it causes

a deep yellow, oily liquid to exude from between the

segments of its body, and from the joints of the limbs,

a proceeding which makes it a decidedly unpleasant insect

to have much to do with. Oil beetles may be found in

early spring, crawling slowly about among the grass of

meadows, and beside footpaths. They may easily be

recognized by their dull bluish-black colour, rough, uneven
surface, and enormously large abdomen, which is only very

partially covered at its base by the shrivelled and crumpled

elytra, or so-called wing-covers, though there are no wings

to cover. This ponderous body (speaking of the female

insect) trails along the ground as the creature goes on its

toilsome way, seeking a suitable place for laying its eggs.

The yellow exudation is of an acrid character, and has the

power of raising blisters, if applied to the skin in sufficient

quantity. For this reason, oil beetles have been used in

medicine, especially for veterinary purposes, the chief

supply having been obtained from certain districts in south-

west Eussia. A German writer states that a century ago

the oil of these beetles was used in central Europe as a

remedy for hydrophobia, and in Sweden it is said to have

been employed for the alleviation of rheumatic pains.

While one species of oil beetle [Mehiii iiruscdralxnis) is a

common insect with us, and may freijuently be seen in

grassy places in early spring, its more important relative,

the true Spanish tly, or blister beetle of commerce (Fig.

17), is very seldom met with in this country, though there

have been occasions, notably in the year

1837, when it has appeared in profusion

in certain localities. Scientifically it is

known, as we have already said, either

as Lijtta vesicatorid or Cuntharis vcsicutoria,

the specific name having reference to its

blister - producing properties. It is a

beautiful insect, of a shining green colour,

and with a large square head. ISy its

colour, as well as by the facts that

its body is comparatively narrow and

parallel-sided, and that the wing-covers

lie side by side and are long enough

to cover the body, it may be easily

distinguished from the oil beetles with their bluish-black,

stout, oval bodies, and short elytra, which slope sideways

away from each other, and so reveal the abdomen between

them. It is abundant in many places on the Continent,

and the market was first supplied from Spain, whence it

became generally known as Spanish fly.

I'nlike the oil beetles, the blister beetles are arboreal in

habits, frequenting a variety of trees, such as ash, privet,

lilac, olive, &c. They appear about midsummer, and

during the hottest parts of the day they descend from the

trees, and that of course is the best time for securing

them. Their presence is pretty easy to detect, for, apart

from their brilliant colour, they emit a powerful scent.

Indeed it is said that the characteristic substance to which

they owe their valuable property is so volatile as to affect

the air immediately around the trees, and thus make it an

act of imprudence to sleep under those in which they are

abundant. The active principle is called cantharidin, and

many experiments have been made with a view to dis-

covering in what part or parts of the insect it is produced,

as well as whether or not its production is confined to the

adult stage. In the year 1813 it was chemically examined

by the French sai-ont Robiquet, who obtained it from the

beetles in the form of a white substance in flat crystals,

which were found to be insoluble in water, but soluble in

I'iii.i; ^J'iVU-

isli Kly, or Blister

Beedo.

alcohol, ether, and other liquids. A chemical formula, .

C-HgOn, has since been assigned to it. It has powerful

vesicating properties, for the huudi-edth part of a grain,

when enclosed in thin paper and applied to the lips, caused

pain to be felt in about a quarter of an hour, and soon

after little blisters appeared. When a salve was ajiplied

to these, the heat caused it to melt and run, with the result

of carrying the vesicant with it, and thus multiplying the

number of pustules, thereby increasing instead of allaying

the discomfort.

The experiments of Beauregard were specially directed

towards localizing the substance in the body of the insect,

and they were carried out by making small plasters of

different parts of the beetles and applying them to his

own body. His main conclusions were that cantharidin

occurred most abundantly in the blood and in certain

parts of the reproductive organs in both sexes. Whenever
any of the softer parts of the body, still wet and charged

with blood, were applied to the skin, they soon produced

blisters. Even the elytra, when separated from the living

insect, and therefore still containing a small quantity of

moisture within their tissues, were found to be capable of

causing a similar result. They were applied to the arm
by their inner surface, in which the skin would be thinner,

and therefore the blood would be more easily able to afiect

the operator. The dry membrane which thus intervened

between the vesicant and the skin of the arm of course

retarded the process, but still, after the lapse of seven

hours, a good blister was produced. When, however, the

elytra were cut up in shreds, and dried with blotting

paper, so that all moisture was removed from them, only

a very shght eflect was produced even by a prolonged

application. Thus it was evident that the active principle

was to be looked for in the juices of the wing rather than

in its solid substance.

The strongly vesicating power of certain parts of the

reproductive apparatus of course suggested that the

function of cantharidin in the economy of the insect

might be connected in some way with the reproductive

process. But that such is not necessarily the case evi-

dently follows from the fact that the insect possesses the

property to a greater or less degree in all its stages,

including those in which it is sexually immature. Even
the eggs are possessed of the blistering power, though

this perhaps is no more than might be expected, since the

ovaries are strongly impregnated with cantharidin. In

1883, Beauregard took a portion of a freshly laid batch of

eggs, and working them up into a paste with a little water,

applied the little plaster so formed to his arm. After

four hours, the smarting produced was sufficiently intense

to lead him to stop the experiment. He therefore removed

the plaster, and a few minutes after an enormous blister

appeared on the spot, attesting the strongly vesicating

property of the freshly laid eggs. In the larv;c the

property was found to be much less intense. Ten larva;,

several days old, were crushed and made into a plaster,

which was applied as before. Even after eight hours

nothing more than a considerable inflammation was

developed, and no blister appeared. When, however, a

larger application of the crushed bodies of two dozen

similar larvic was made, a blister was produced after the

lapse of the same time.

To collect the insects for medicinal purposes, a plan is

adopted which closely resembles that known to ento-

mologists as " beating." A large cloth is spread on the

ground beneath the branches of the trees on which the

insects are to be found, and then the branches are

vigorously shaken, so that the beetles fall on to the cloth.

Being but sluggish in their movements, they have little
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chance of escape, and are easily gathered up as they fall.

Of course they must be killed in such a way as not to

damage their bodies, or in any way allow the valuable

substance with which they are impregnated to escape,

otherwise their commercial value would be impaired.
Hence they are kUled by means of a weak acid, either by
plunging them into vinegar, or by exposing them to the
vapour of acetic acid. The dead bodies, after being dried,

are then stored.

But there are still difficulties to be contended with. As
is well known, the dead bodies of insects are a peculiarly

attractive bait to various small beetles, which are com-
monly known under the title of museum pests, and if

these once obtain a lodgment amongst a store of dried

Spanish fly, it is not an easy matter to dislodge them. It

is vain to hope that the internal doses of cantharidin

they are constantly administering to themselves by their

ravages will have any evil elt'ect, though this substance

when taken internally by vertebrates appears to act as a

dangerously irritant poison. When the museum pests

attack the stores of blister beetles, the amount of damage
done is measured simply by the matter actually devoured

;

for the cantharidin still remains uninjured in such parts

of the damaged bodies as may be left, and for medicinal
purposes it is by no means essential that the drinl bodies

should be perfect and entire, though, as we have already

hinted, it is desirable that when freshly collected, and
therefore moist, they should be in as perfect a condition

as possible, lest exudation of fluid, and therefore loss of

cantharidin, should take place. But the worst enemy to

be encountered is damp, which, though it does not dis-

integrate the bodies, yet does far more harm than the

above-mentioned devourers, since the characteristic pro-

perties of cantharidin are lost under its influence.

Some insects are gifted with the peculiar power of

fashioning receptacles for their eggs, not out of extraneous

and foreign materials, which would nnply the exercise of a

certain amount of intelligence and ingenuity, but from
matter derived from their own bodies, and used in an
involuntary and unconscious way. Special glands exist

for this purpose, and open into the oviducts, so that the

receptacle is formed within the body of the parent, and
the insect never sees it till it is finished ; hence the eggs

are laid, not separately, but in sets, and, as it were, done
up in parcels. This peculiarity is specially characteristic

of certain groups in the order Orthoptera. In our own
country, the cockroaches aft'ord the best illustration of the

practice, but in the tropics excellent examples are to be

found in the various species of Mautidie, or praying insects.

The egg-cases of the common household cockroach, or
" black beetle " of the kitchens, may often be fouad lying

about in the corners of cupboards, in houses where the

insect is plentiful. The case is a reddish-brown, horny
structure, about half an inch long, shaped something

like a lady's handbag, and containing, as a rule, sixteen

eggs, of which eight are placed on each side in perfectly

regular order, lying parallel to one another. The eggs, of

course, hatch within the case, and the young cockroaches

issue from their birth-chamber at its sharp edge, i.e., what
would be the line of opening in the handbag aforesaid,

where alone there is a junction. The material for these

cases is supplied by a special gland appended to the repro-

ductive apparatus, consisting of branched tubes, and called

the coUeterial gland, and the peculiar form is given to the

case by the chamber on the walls of which the secretion is

spread, and of which it therefore forms a sort of cast.

When the whole structure is completed and projierly

equipped with its complement of eggs, it is still carried

about by the mother for several days, during which time

Fio. 18.—Egg-cise of a species

of Praying Insect attached to grass

stem.

it may be seen protruding more or less from her body. It

is finally deposited in some safe position, unless the

ci-eature is alarmed, when she will sometimes drop it at

once.

Our wild cockroaches similarly form cases for their eggs,

but as they are smaller than the domestic insect, the cases

are much smaller too, and naturally, each species has its

own peculiar form. Neat and shapely though these cases

are, they are much surpassed in elegance by those formsd
by the exotic Mantitla.

These are large and pre-

daceoiTS insects with long

and powerful fore-legs,

which, when watching for

their prey, they hold in

front of them in the position

that has been suggestive

of an attitude of devotion,

whence the name " praying

insects," sDmetimes applied

to them. The egg-receptacles of these insects (Fig. 18)

are made of a clear, shining, pale yellowish substance,

which is thin and semi-transparent, so that they look as if

made of varnished paper or membrane. The surface is

indented with a delicate tracery of reticulations, which

throw it up into a series of minute rounded elevations.

The cases are not left lying about on the ground, but are

fastened by a little loop at the lower end to the twigs of

trees and the stems of grasses.

The principle of construction is much the same as in the

cockroach-bags, and so far as external appearances are

concerned, may be paralleled, if one may borrow a familiar

illustration from the pastry-cook, by that of the old-

fashioned " apple turnover." As in that article of diet

there is a cover whose continuity is unbroken save along

a line on one side, where the two edges have been pressed

together, and as the ingenuity of the cook seems often to

have been expended in crimping and otherwise ornamenting

the rim at this line of junction, so we find in the Mmiti.-t

cases a raised line where the two edges meet, and a very

pretty row of markings along it. Within, a partition,

which looks as though made of congealed froth, ruas

across from the line of junction towards the opposite

surface, but without reaching it, and the eggs are placed

in regular order on each side of that partition, so that they

are back to back, and remind one of the arrangement of

the cells in a honeycomb.

It is an obvious suggestion that the purpose of these

receptacles is to protect the eggs from hymenopterous

parasites, many of the minuter forms of which are quite

satisfied with the contents of a single egg-shell as the totil

provision for their larval life, so that they pass through

their early stages parasitically within the eggs. But that

the cases do not always accomplish this purpose appears

from a specimen now before me, in which many of the

eggs have been devoured by parasites, some of which have

reached their perfect condition, and their shining metallic

green bodies are still to be seen amongst the remains of

the eggs to testify to the fact of their former ravages.

Taking now a brief mental review of the numerous and

varied facts we have described in this series of papers on
" Insect Secretions," we may point out one or two general

conclusions to which they seem to lead. In the first place,

we have the fact that during the lifetime of many insects

there occurs a period in which the creature becomes quite

helpless, not simply by passing into a torpid condition or

a condition of suspended animation, but by the actual

loss of its limbs, and with them the power of locomotion

and therefore of escape from danger, and by the abortion
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of its mouth organs and the consequent loss of the power

to take food and sustain active life. Hence arises the

necessity for special means of concealment and protection,

that the race may not be exterminated when placed at so

great a disadvantage with regard to its ever watchful and

never resting foes. The necessary concealment or pro-

tection is afforded in many ways, occasionally by the use

of foreign materials, but much more frequently by the

production of a substance from within the creature's own

body to serve as a cloak of invisibility or a chamber of

safety. But as, in due course, deliverance from this

chamber becomes necessary, it is equally imperative that

another product should be elaborated for this purpose where

mechanical means are not available.

Then, again, insects are usually very small animals in

comparison with most of their assailants, and with small-

ness of size there is, of course, associated a corresponding

helplessness against the larger and more powerful. And

though in many cases their speed of locomotion is con-

siderable when we take into account the size of the

creatures concerned, yet the rate at which larger distances

are covered is extremely slow in comparison with that

exhibited by their pursuers, and hence escape by simple

speed is usually out of the question ;
whence arises the

existence of numerous secretions rendering them distaste-

ful, or even physiologically hurtful as articles of food.

The development of the social instinct again, involving

as it does the association of large numbers of the same

species in one spot, necessitates the provision of suitable

accommodation for the rearing of large quantities of

young. And though this accommodation is frequently

provided to a large extent by means of external and

foreign matter, we see in the waxen cells of bees a product

of the internal physiological processes of their own bodies

usfd for this purpose. And even when the insects are not

social, but only gregarious, there is, as we have just seen,

provision for the large numbers of eggs produced, the

provision on the part of the mothers of cases or sacs

which shall supply the place of that maternal care and

supervision which in the case of higher animals would

probably be rendered.

The shortness of insect life is another important point.

As few insects live for more than one season, and the

period of activity of some of them lasts over no more than

a few weeks, separated by an interval of many months from

the next period of activity of the species, the conthiuance

of the race is absolutely depfndent upon the meeting and

mating of suitable pairs during those few weeks. When

the species is gregarious, or so abundant that large num-

bers are sure to be found within easy distance of each

other, there is not likely to be much difficulty on that

score. But when the species is solitary or scarce, and

specimens occur only at considerable distances from one

another, special aids seem to be needed to ensure the

necessary pairmgs, and it may be that it is for such a

purpose that some of the characteristic odours of insects

exist.

Finally, in the case of the honey-dew of the aphides,

none of the above heads seem suitable as an explanation

of its existence. Here we have a material, not produced

on certain special occasions, times of greater danger than

usual, but continuously elaborated throughout life. A

glance at the accompanying plate will show that the cor-

nicles from which the drops issue are present in the larval

forms as distinctly as in the nymphs or the adult_ insects.

This fact, coupled with the above-mentioned difficulty of

ranking honey-dew under any of the heads just enumerated,

and with the statement made in a former paper, that no

connection has been traced between the cornicles and any

special glandular structure, lends support to the theory

which makes it an excretion rather than a secretion ; or,

in other words, a substance elaborated to be got rid of

rather than to be used. There is, further, the very excep-

tional circumstance, that it is a substance not merely got

rid of by one kind of insfct, but also eagerly sought after

and used as food by another ; and this fact is rendered

more striking still by the immense differences, both in

structure and life-history, that exist between the insects

thus associated as producers and consumers, the aphides

and the ants.

PHOTOGRAPHS OF THE MILKY WAY AND
NEBULA.

By A. C. E.\NYAED.

WE are indebted to Mr. W. E. Wilson for another

photograph of the Hercules cluster, taken

with an exposure of only fifteen minutes.

The photographic action has not gone far

enough to blot out and drown with nebulosity

the prominence forms and strings of stars shown in the

Henry and Lick photograplis, reproduced in the April and

May numbers of Knowledge for 1893. The sharpness

and clear definition of thtse details, shown in Mr Wilson's

photograph, speaks very highly for the optical perfection

of bis reliictor, which was made for him by Sir Howard
Grubb. Even the photographic reproductions, which lam
able to put before the readers of Knowledge, will well repay

a cartful study and comparison with the longer exposed

photographs reproduced m the last number of Knowledge,

as well as with the Henry and Lick pictures. It seems to

me, from a study of the photographic prints sent by Mr.

Wilson, that there is ample evidence of more than one

dark promintnce-like structure, indicating that light-

absorbing material, as well as luminous matter, is ejected

in streams from the central region of the cluster, and that

in rushing outward it experiences resistance. The photo-

graph also shows the nebulous ligatures joining lines of

stars, referred to in the last number, and confirms the

suspicion that many of the star discs are not circular, but

are elongated in the direction of the chain of stars. They
appear more like patches of brighter nebulosity with a

sensible area than like star discs.

The photographs of the dumb-bell nebula, also sent by

Mr. Wilson, are well worthy of study. The dark gaps in

the nebulosity are as interesting as the bright structure.

This nebula seems to have a bright stellar nucleus, and a

curious stratum of brighter nebulosity at the outside.

With longer exposures the dumb-bell form is lost, and the

nebulosity extends so as to fill an elliptic area.

We are indebted to Dr. Max Wolf, of Heidelberg, for

the photograph of the region of the Milky Way about

/3 Cassioptife. The silver prints from the original negatives

which he has sent over show some enormous dark branching

structures outlined by stars. The collotype reproduction

does not show them nearly as well as the silver prints, but

there can be no doubt about their existence.

Notices of 33oofts.
: •

A Xaturalist on the Piviil or in the Juvf/le. By E. H. A.

(Thacker & Co., London, 1894.) E. H. A. has already

attracted very favourable public notice by his lively books,

"The Tribes of my Frontier," and "Behind the Bungalow,"

which introduce the reader to the human surroundings of

an Anglo-Indian's life. In this book he brings before us
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THE DUMB-BELL NEBULA.

From a Photograph by Mr. W. E. Wiisox, taken August 6th, 1894,

with an exposure of twenty minutes.

THE CLUSTER IN HERCULES (13 MESSIER).

From a Photograph taken 2nd September, 1894, by Mr. W. E. Wilson,

with an exposure of fifteen minutes.

THE DUMB-BELL NEBULA IN VULPECULA.

From a Photograph by Mr. W. E. Wilson, with a reflector of two feet aperture, and focal length of t«n feet six inches.

Taken 6th August, 1894, with an exposure of twenty minutes.

Dirt'ct Pho(o Engraving Company, 9, Barjisbury Vark, N.
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in the same interesting and lively style the habits and
manners of Indian bii-ds and beasts, insects and crabs.

For a natural history book it is very li^lit literature, but
no one can read it through -without picking up a great

many facts which are set out with care and precision, and
they are facts of a kind which only a naturalist who has
himself observed in the field and jungle can supply to his,

readers. There are here and there a few thoughtful

remarks and philosophical speculations, which appear in

the midst of rather forced jokes and stories of the

exaggerated type which have been described as the new
humour ; but anyone who has the patience to bear with
the humorous, or intendedly humorous, passages will be
well repaid for reading the book through. There are some
eighty excellent illustrations prepared by Mr. R. N. Stern-

dale, author of " The Mammalia of India " and " Denizens
of the Jungle." As a specimen of the forced humour
which E. H. A. too frequently introduces, one may quote
his description of hot weather in India :

—" The weather is

getting warm. This is, perhaps, not expressive enough,
what I mean is that the atmosphere is getting like that

which we may imagine to prevail under a pie-crust when
the pie is in the oven ; of course, I am writing from tlie

coast. Up country, on the plains of the Deccan, the

atmosphere of the oven outside the pie furnishes a better

illustration. . . . Anything like a Ion? walk in the

morning endows yon with a thirst which will not leave you
all day. It is not a wholesome thirst either, not a demand
of nature for refreshing forms of moisture, but a kind of

glutinous thickness such as troubles the throat of the oftice

gum bottle." But, nevertheless, the book contains eloquent

passages. E. H. A. tries to induce his readers to ob-ierve

nature rather than to aim at becoming a naturalist, whose
sole object is to collect specimens and name them. Beware,

says he, of the snare which lurks under the intoxicating

pleasure of collecting, and set a watch upon yourself lest

you degenerate into a collector, and cease to be a naturalisf.

As soon as you begin to f-el that a rare bird or butterfly is

not so much a bird or butterfly to you as a "specimen,"

you have caught the disterap-r, and must take measures to

check it. The best rem 'dy I know is to set asid j one day
in the week for a sabbath of peace and goodwill, on whi,:h

the instruments of death must be laid aside, and an
amnesty proclaimed to all creation. Then you may move
among living things with heart free from guile and mind
undisturbed by stratagems, and you wdl note many things

in tbem which you never saw vvlien yo i were scb-'miii',; to

compass their destruction. E. H. A. has a theory that the

noises made by insects and tree frogs, and other living

things whose voices till the air of the tropics with a con-

tinual babel of sound, are made simply because the little

creatures are happy, and not from any sexual impulse.

His theory is that when an animal is well and happy, there

is an overflow of nervous energy. The wagt nh and
redstarts let it off by shaking their tails, and the crickets

and the frogs let it otf in noise. " Do you tliink," says he,

"that man is the only animal wh'ch feels the monotony of

doing nothing ? " All living things feel it till you get so

low down in the scale of life that they can scarcely be said

to feel anything at all.

Con'a of Tfi-daij. (Nelson and Sons, London, 1894.)

Most of the matter in this little book has been extracted

from a larger book by G. W. Gilmore, who went to Corea

as a teacher in the Royal College, founded by the Corean
king ill his capital for the education of the sons of the

Corean nobles. Mr. Gilmore is an expert photographer,

and some excellent reproductions of his Corean photo-

graphs are given. When Mr. Gilmore arrived in Corea

he found that he and his co-teachers occupied an enviable

position in Corean eyes, as men who had taken rank in a

great foreign examination. In other words, they were

looked upon as " gentlemen " in the Corean sense, and

were expected to keep up the dignity of their position.

Soon after their arrival a soldier was sent to each teacher,

by order of His Majesty, to be a sort of personal attendant

and messenger. If Mr. Gilmore went out shooting, the

soldier in attendance always took the gun and insisted on

carrying it till they reached the hunting ground. The
distress of his soldier was quite pitiful when he took out

two pieces, a shot gun and a rifle, so that he had to submit

to one of them being carried by Mr. Ciilmore. On another

occasion one of the teachers took to gardening, and began

to use a spade, when his attendant ran up and tried to

take the spade out of his hands, remonstrating with him
for doing coolies' work. The common people are extremely

polite, and Mr. Gilmore describes them as always showing

great kindness and distinction to foreigners. In summer
the Coreans have a peculiar device for keeping cool. Next

to the body they wear a framework made of split bamboo
woven in fancy designs. This is made so as to be

supported from the shoulders, and holds the clothes away
from the pers >n, so as to permit the air to circulate freely.

Many interesting details are given with regard to the

fashions of the people, their manners and customs, religions

aud superstitions, and the extraordinary absolute monar-

chical government, which seems to be entirely independent

and uncontrolled by the will of the common people. Mr.

Gilmore seems to have had exceptional opportunities of

observing the Corean peiple. He tells his story well,

keeping up the reader's interest from the first page to the

last of his little book.

Tlie Eiirth : an Introduction to the Stuilij of Inorgank

Nature. By Evan W. Small, M.A. (Cantab), B.Sc. (Lond).

(Methuen & Co., London, 1891.) Taken as a whole, this

is an excellent little mmual for the general i-eider, as wel

as for the student who selects it as a text-book iu physio-

graphy. No book which ranges over so wide a sene-i of

subjects can be exoected to be ab ive all criticism. Tnus,

in givin,' an accaint of the nebular hypothesis, Mr. SmiU
says :

" The cl )udy patches of light m the heavens known
as uebuliE (wiio^e spectra, as shown by Hu^jgins in 1861,

consist of a few bright hues, indicating glowing gaseous

mitter) represent, according to this theory, tue earliest

stage in the process of world formation, and in the great

nebula in Andromedt (as shown in a photograph taken by

Mr. Isaac R jbert-; of Live'-po A) Wti have an actu il instance

(m a very larga scale of s une sucli process of cosmicil

evolut on as is pictured in Ltplaoe's theory. In this

photograph we see a large bright central mass, surrounded

by a series of successive rings of bright miterial (the outer

ones becoming fainter), separated by dark spaces." Mr.

Small is evidently not aware that the large majority of

nebul.B do not give a gaseous but a continuous spectrum,

and that the streams of matter about the Andromeda
nebula are by many observers believed to be spirals and

not circles. There is certainly no evidence in the photo-

graphs of ring within ring of nebulous matter, and the

nebulie surrounded by spiral streams of nebulous matter

are very numerous.
A Journey in other Worlds. By John Jacob Astor.

(Longmans, Green & Co., London, 1894.) Mr. Astor

takes his readers to an imaginary Jupiter and an imaginary

Saturn, and gives them a historical sketch of our own
world in a.d. 2000. The value of such flights of imagina-

tion depends to a large extent on the knowledge di.^played

by the imaginative guide, aud on the way m which he

makes his narrative appear probable and consistent with

known facts and received scientific theories. Mr. Astor
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supposes Jupiter to be passing through a carboniferous

or Devonian period, such as existed on our earth, but

neither the pictures nor the text exhibit much geological

knowledge, and his knowledge of astronomical facts is still

more meagre.

The following books have been received for notice :

—

Knouledije throuyh the Ei/e : or Hoir to Illustrate Science

and other Lectures h/ Means of the Optic<d Lantern. By
Alfred P. "Wire and G. Day, F^R.M.S. (George Philip &

Son.)

The Tvimanes Lecture, 1894

—

The Eri'cct of External

Influences on Tkrelopment. By August Weismann, M.D.,

Ph.D., D.C.L. (Henry Frowde.^

The Seismnlogicnl .foxunal of Japan. Vol. XIX., 1891.

(Yokohama.)
British Rainfall, 189H. By .J. \\ . Symons, F.R.S., &c.,

and H. S. Wallis, F.E.Met.Soc. (Edward Stanford.)

Catalogue of Works on Astronomy, Magnetism, and

Meteorology. (Dulau & Co.)

The Hoyal Natural History. Part 10. (F. Warne & Co.)

Thinqs New and Old: or Stories from English History.

By H. b. Arnold-Forster. (Cassell.)

The Moleeular Tactics of a Cnjstal. By Lord Kelvin,

P.R.S. (Clarendon Press.)

The Sjiortsman's Handbook to Practical Collectimj and

Preserrinq Trophies. By Eowland Ward, F.Z.S. (Row-

land Ward & Co., Ld.)

The London Matriculation IHrectory, 1893-4. (Univ.

CoiT. Coll. Press.)

Some recent Evi-
dence in favour of

Lmpact. By A. ^\ .

Eickerton. (Wel-
lington, N. Z. :

Samuel Costall.)

Venice. By Ale-

thea Wiel. (T.

Fisher Unwin.)
The Journal (>f

the British Astrono-

mical Association.

Vol. IV., No. 9.

(Eyre & Spottis-

woode.)
Berolving i )rreri/.

By .J. C." Parvin.

(G. Philip & Son.)

Theophrastus of

Eresuson ]\'indsa7id

on ^)'eatlier Signs.

By Jas. G. Wood,
M. A., LL.B.,
F.G.S., and Edited by G. J. Symons, F.E.S
Sec. (Ed. Stanford.)

Syllabus of the Municipal Technical School, Manchester,
for Session 1894-5.

Meteorological Observations for 189:-5, made at Pousdon
Observatory.

Fertilizers and Feeding Stiij/s. By Bernard Dyer, D.Sc,
and Notes on the Act, by A. J. David, B.A., LL.M.
(Crosby Lockwood & Son.)

Proceedim/s of the Society for Psijchical Eesearch.

Part 26, Vol. X. (Kegan, Paul & Co.)

Catalogue of the Michigan Mining School, 1892-4, and
Announcements, 1895-6. (Houghton, Mich.)

Newfoundland as it is in 1894. By the Eev, M, Harvey,
LL.D., F.E.S. C. (Kegan, Paul & Co.)

The Eoi/al Enqlish Dictionary. By Thos. T. Maclagan,

M.A. (T'. Nelson & Sons.)

Programme, <((., of Technological Examinations of the City

and Guilds of London Institute, Session 1894-5. (Whit-

taker & Co.)

Illustrated Catalogue of Telescopes and Accessories. (E. G.

Wood.) " _^__^^

Mr. W. H. Hudson gives a depressing list of " Lost

British Birds," including the crane, white spoonbill, great

bustard, bittern, marsh harrier, hen harrier, red night

reeler, great auk, and avoset. This, he says, is the result

of the efforts of " sportsmen " and the unprincipled

collector.

llrttcvs

[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]

ORBIT OF y ANDKOIIED-E.

To the Editor of Knowledge.

Deak Mr. Eanyard,— Barnard has this year

sot a set of measures of 7 Andromedre with the thirty-six

inch. I have put his last position on my original diagram

of the apparent orbit, and enclose a photograph of it. As

you will see, Barnard's place tits in beautifully with the

ellipse already indicated. Yours very truly,

S. W. Bdenham.

Projoctioii of Orbit

F.R.Met.

y Aiiilroniedif.

THE LEONID MAXIMUM.

To the Editor of Knowledge-

Sir,— I think the answer to the question asked by
Mr. A. CoUison, on page 185, has not been fully given.

What he really wishes to know is the time that the

maximum of the shower will take place. The earth will

be in the same longitude, 1899, November 13th, 13h., as

it was in 1860, November 13th, 13h. 9m., when the shower
reached its maximum that year ; but does not the time of

maximum alter from year to year '? I suppose it will be

possible to make a better forecast nearer the time. Is not

1900 just as likely as 1899 for the greatest shower '?

Yours respectfully.

West Hendon House, T. W. Backhouse.
Sunderland, 25th September, 1894.
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REGION OF THE MILKY WAY ABOUT /3 CASSIOPEIA.

Froai a Pbotograph taken by Dr. Max Wolf, with an exposvire of loli. 19m., made on December 30th and 31st, 1893, and

January 1st and 2nd, 1894.
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ON THE ORIGIN OF THE GOLD OF QUARTZ VEINS.
To the Editor of Knowledge.

Dear Sir,—Although the article by Mr. Henry Louis "On
the Origin of the Gold in Quartz Veins," following one
of mine on the same subject, does not call for a reply from
me, since it is a very fair statement of another view of a

matter on which widely different opinions are inevitable

and legitimate, yet some of the observations in this

interesting article suggest my adding a few words to what
I have already written, in further elucidation of one or

two points that were perhaps treated too brietiy.

The hypothesis I endeavoured to state is not by any
means essentially a " descensionist " one, since it allows of

lateral transmission of solutions into incompletely filled

up fissures, as well as entrance from above, for it derives

the mineral matter of vein-stuff from the adjacent massive
rocks— the rocks, in fact, traversed by the veins.

The volcanic evidence adduced against a plutonic origin

for the gold of quartz vems may certainly be called

negative, but irom the nature of the case it has an im-

portant positive value, which is not lessened by one or two
exceptional instances to the contrary. It is not disputed

that some gold may exist at plutonic sources, and may
therefore occasionally be thence brought to the surface by
volcanic action, but it is the source of the great bulk of

the gold which exists in quartz veins that is the question

to be determined. A proportionally large space was
occupied by this volcanic evidence because, so far as I

know, it is evidence that has not been brought into the

controversy by any other writer on the subject, therefore

it seemed to deserve conspicuous notice.

The instances of Steamboat Springs and Sulphur Bank
do not appear to me to have any contrary weight, for they

do not afford examples of mineral matter brought ujj from
deep-seated sources by volcanic action, but merely of such

matter brought from the adjacent rocks by hydro-thermal

action, exactly in accordance with one of my postulates.

And with respect to the Mount Morgan gold-bearing quartz,

even if it be the production of an old geyser, it is but

siliceous sinter similar to that deposited around the geysers

of the present day, and that is all derived by hot water
from rocks near the surface which, though heated by
volcanic action, may not be volcanic rocks A geyser,

therefore, although its intermittent energy is doubtless due

to volcanic action, is not volcanic in the sense of bringing

to the surface mineral matter from the deep interior.

There is another point which seems to require explana-

tion. The precipitation of metallic gold from a soluble

salt is from soluble salts of gold in the sea that I suggested

would be the result of the action of dead organic matter

at the sea bottom, and would consequently only affect the

amount of auric solution in the lowest water-stratum, and
so, although the precipitation would be continuous in

consequence of convection, it would only very slightly

lessen the aggregate amount of gold in the entire oceanic

volume of water. Thus the existence of a generally diffused

solution of gold in the sea is not inconsistent with the

precipitation supposed.

I am glad to find Mr. Louis so much in agreement with

me, especially as to gold being taken into quartz veins by

the same agency as the silica, and that the sedimentary

rocks themselves contain gold. This last fact is to my
mind a most pregnant one, since the materials of these

rocks are deposited matter. I know of no other source

for that deposited matter than the contents of the sea, and
hence I am inclined to credit the sea-water with giving to

its more bulky sediments the extremely small amount of

gold they contain, even when their auriferous vein-quartz

is included.

Respecting the final stage in the series of operations

constituting the hypothesis I ventured to formulate, I may
perhaps say that the separation of minerals by the segre-

gation of their molecules from other associated mineral

matter is such a common geological phenomenon that its

employment to account for the separation of gold, and its

consequent presence in the metallic state in quartz veins,

does not seem to me to be unwarrantable.

As Mr. Louis justly says, the subject is a difficult one,

but it has certainly greatly advanced in my own recollection.

In the days of Murchison and Forbes the igneous Origin

of gold held the field, and the latter of these two high

authorities (I know from personal intercourse with him)

held that now almost obsolete theory even more strongly

than would appear from his writings. We may, therefore,

confidently hope that further investigation and further

consideration will not fail to yield a satisfactory solution

of this interesting, if at present somewhat obscure,

problem. Yours faithfully,

.J. LOUAN LoBLEY.

THE PERIODICITY OF THE SOLAR SPOTS AND ITS
CAISE.

To the Editor of Knowledge.

Dear Sir,—Probably it is hardly necessary to say that

I am acquainted with Prof. Rudolf Wolf's labours on the

solar spots, and I am certainly not prepared to reject the

evidence he has brought forward of occasional irregularity

in their periodicity. But it seems to me that this is

perfectly consistent with my theory, that the periodicity of

spots, which has only been noticed during the present

century, is due to a swarm of meteors revolving round the

sun in an elliptic orbit, with a period equal to the average

period of the spots. Unquestionably, spots are also

produced in other ways, or by other bodies than this

supposed ring. Now these may sometimes come in a

considerable number a little after a time of regular maxi-

mum, which would protract that maximum, as in 1883
;

or, on the other hand, near a time of regular minimum,
when they would cover and mask its occurrence. The
effect, indeed, would be somewhat similar to that of tidal

action in the Mediterranean, which can only be evidenced

by a long course of observation, being continually masked

to appearance by local causes of rise and fall connected

with the weather. Yours faithfully,

Blackheath, W. T. Lynn.

September 4th, 1894.

[A meteor swarm which would, on its approach to peri-

helion, give rise to an appreciable solar tide, or to a

difference of pressure in the vapours beneath the photo-

sphere, would need to be of such mass that one would

expect to find some trace of its perturbing influence in the

motions of the planets ; and, in order to account for the

irregularities of Dr. Wolf's sunspot curve, we should need

to conceive of several such swarms, of considerable magni-

tude compared with the swarm which Mr. Lynn suggests

gives rise to the average length of sunspot periods. There

are not only considerable differences in the length of

successive sunspot periods, but the height of successive

waves of the sunspot curve varies, and the form of the

wave changes, groups of three or four similar waves or

loops of the sunspot curve occurring successively. Such

irregularities seem to me to point to complicated changes

taking place within the sun, rather than to a combination

of regular perturbations from without. Perhaps we shall

some day get an inkling of the meaning of such irregu-

larities, but I fear that we are very far at present from

understanding what a sunspot is.—A. C. Ranyakd.]
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CELLULOSE AND SOME OF ITS MORE RECENT
APPLICATIONS.

By Chas. a. Silbekkad, B.A., B.Sc.

THOUGH cellulose is an invariable constituent of

plants, of whose cell-walls it forms the supporting
frame-work, it is rarely found pure, as, except in

the cellular tissue of the youngest shoots, it

always contains more or less ash. Still, cotton-

wool and Swedish filter-paper consist of the approximately
- pure substance, especially the latter after treatment with
hydrofluoric acid, whereby all mineral matter is extracted.

However, the preparation of pure cellulose from any
material containing it

—

e.ij., cotton-wool—is not a matter
of great difficulty, it being only necessary to digest it

alternately with bromine water and a dilute alkaline

solution until the bromine water is no longer decolorized.

The fibre is then boiled in dilute alkali and washed in

turn in dilute acid, alcohol and ether, and finally dried.

Thus prepared, it contains a certain amount of hygro-
scopic moisture, amounting to from seven to nine per cent.

of its weight ; when this is removed, the simplest com-
position deducible from analysis is C^Hj^Oj, but it seems
clear from its properties that its molecular weight must
be many times that represented by the foregoing formula.

Solvents of Cellulose.—Celhilose is insoluble in all

ordinary solvents, but is dissolved by certain reagents, of

which the two following are the most important : (n)

Schweitzer's reagent, which consists of an ammoniacal
solution of cupric hydrate. From solution in this liquid

the cellulose may be reprecipitated on addition of acids,

alcohol, salt, or various other substances, in a gelatinous

state, drying to a material closely resembling gum arable

in appearance. (/<) A solution of zinc chloride in twice its

weight of hydrochloric acid. This solvent behaves very

similarly to the first mentioned, except that the cellulose

is reprecipitated on dilution. Sucli solution and reprecipi-

tation afi'ord a ready means of purification.

The solvent power of tlie first named of the above
liquids is the basis of the manufacture of the so-called

paper lioiinls. For this purpose sheets of unglazed paper

are left in contact with the ammonio-cupric solution for a

short time—just long enough for the filires to be super-

ficially attacked. The requisite number of these sheets

are then placed one on top of the other, jiassed between
rollers and dried ; by this process they become united

together into a board-like material, impervious to water,

which property is retained at 100^ Cent.

Action of Xitric Aeiil.— If cellulose, e.;/., blotting-paper,

be simply immersed in ordinary strong nitric acid (specific

gravity 1-42) it undergoes a curious transformation. Its

composition is unchanged, but the strength of the paper
is increased tenfold, while at the same time its linear

dimensions are diminished ten per cent.

The action of stronger nitric acid and of mixtures of

nitric and sulphuric acid in the production of gun-cotton
and the various pyroxylines, as well as the preparation of

collodion by dissolving the last named in a mixture of

alcohol and ether, are too well known to need any further

account here ; but the peculiar properties of a mixture of

camphor and pyroxyline may be worth noting, as it is of

these two substances that ctlhihiiil consists.

Celluloid was first prepared by Hyatt, of Newark, U.S.A.
It may be obtained either by direct addition of pyroxyline

to melted camphor, or by strongly compressing the two
together, or lastly by dissolving the two in some common
solvent, as ether- alcohol.

The method usually adopted on the manufacturing scale

is a combination of the second and third above mentioned.

The pyroxyline is prepared by treating unsized paper with
moderately strong nitric and sulphuric acids, whereby a

product is obtained consisting of a mixture of the tetra-

and penta-nitrates of cellulose.

The camphor is dissolved in the minimum quantity of

alcohol, and this solution sprinkled upon the dry sheets of

pyroxyline in such quantity that there is one part of

camphor to two of pyroxyline. On the sheet so treated

another is placed, and the same process repeated, and so

on till a sufficient thickness is obtained.

There is thus produced a translucent mass which is

worked between rollers, first in the cold and then at a

higher temperature ; it is next subjected to hydraulic

pressure at a temperature of about 60' Cent., for twenty-

four hours, and finally cut into sheets of the desired

thickness and dried for several days at a moderate heat.

The substance so obtained appears quite homogeneous, and
may be cut and turned in the cold or moulded under
pressure at a higher temperature.

It is very readily coloured by pigments or dyes, which
may be either mechanically mixed in a state of powder
or dissolved with the camphor in the alcohol.

Artifieial tortohcshell is produced on the same principle

as damascene steel, i.e., by welding together alternate

plates of differently tinted celluloids.

As might be anticipated from its composition, it is

extremely inflammable, but has been shown to be non-
explosive under all conditions.

Action of Sulphuric Acid.— Vegetable Parchment or Parch-

ment Paper.—If cellulose, e.r/., blotting-paper, be rapidly

passed through moderately strong sulphuric acid (specific

gravity lo— 1-G), and then well washed in water, it

acquires properties very similar to those of parchment.
The resulting preparation is now extensively used under
the names of vegetable parchment or parchment paper.

This change is due to the conversion of the cellulose on
the surfaces of the paper into a peculiar modification known
as amyloid, which may be precipitated pure in a gelatinous

form by diluting a solution of cellulose in concentrated

sulphuric acid.

If cellulose be left in contact with acid of specific

gravity 1-5 for some time, it becomes friable, forming a

substance called ln/dro-celliilose, which is soluble in alkalies.

By means of this reaction the cotton may be separated

from the wool in a mixed fabric, as the latter is unacted
upon

.

Action of Alkalies.—iferceri^ation.—If cotton cellulose

be treated with a concentrated solution of soda or potash

and tlien washed, it is found to have undergone a remark-
able change in properties. From the name of its discoverer

(Mercer) this change is termed wi'rceri::ation.

The way in whicli Mercer was led to his discoveries ia

interesting as showing how one result may lead to another

wholly i.nconnected with it. He was making a series of

experiments to determine whether any alteration occurred

in the composition of a solution on filtering it, and in the

course of these he passed a strong solution of caustic soda

through several Ia3er3 of cotton-cloth. He certainly

found a considerable change in the composition of the

solution on filtering, but was able to fully account for it

by what turned out to be the far more important change
produced in that of the cotton-cloth, for this proved to

be approximately expressed by the formula C„Hj,,0.
NaOH ; and though, on washing, all the soda was removed,

the properties of the fibre were found to have undergone

a marked change. Their length was contracted to the

extent of twenty per cent., while at the same time there

was an increase of thirty to thirty-five per cent, in strength.

A still more important alteration was the increased affinity
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for sucn dye-stuffs as will dye cotton without a mordant,
e.g., the dipheuyl derivatives—Congo red and the benzidine

dyes.

Cellulose Thiociirhonate.—Certain theoretical views led

Messrs. Cross and Bevan to an examination of tlie action

of carbon bisulphide on the mercerized cotton, with results

which will probably have most important practical appli-

cations in the near future, and which have already formed
the subject of at least one patent.

If the above-mentioned compound of cellulose and soda

be exposed to the action of the vapour of carbon bisulphide,

it is gradually converted into a yellowish mass which, when
placed in water, swells up, and finally dissolves to form a

solution of Cellulose tldocarhonate.

This same solution may be more readily produced by
bringing together two parts of cellulose, one of caustic

soda, two of carbon bisulphide, and eight of water.

From this solution the thiooarbonate may be precipitated

in a pure state by addition of alcohol or strong brine, after

which it may be redissolved in pure water to form a

colourless solution of great viscosity. Thus, a four per cent,

solution is as thick as treacle, while a bottle filled with
one containing eleven per cent, of the thiocarbonate may
be inverted for a considerable time without any risk of

loss. But its most important property is its power of

coagulation, which occurs spontaneously on standing for a

considerable period, or immediately on healing above GO',

or by addition of an acid. This coagulation is due to the

cellulose separating out in the pure state, forming a

gelatinous mass which gradually shrinks, but in such a

manner as to form an exact miniature of the interior shape

of the containing vessel; all the sulphur and alkali are

found in the liquid which separates from the shrunken
mass. The cellulose thus reproduced varies in consistency

according to the concentration of the original solution, but

is always perfectly homogeneous; thus, it may be obtained

in a form closely resembling the softer varieties of india-

rubber, or in one practically indistinguishable from horn,

and it is not merely in appearance that this latter resembles
horn but also in its consistency, for it is hard and tough
and perfectly adapted for turning. Finally, it is found to

possess the same increased affinity for dye-stuffs that is

exhibited by the original " mercerized " cotton.

The importance of the discovery is manifest, especially

in view of the inevitably failing supplies of ivory, which
have already resulted in the success of the ebonite and
celluloid manufactures, over which it is clear that this

preparation possesses many and great advantages ; for

none of the materials required in its production are

expensive, audit is free both from the brittleness of ebonite

and th3 inflammability of celluloid, while the readiness

with which it can be obtained m any desired shape gives

it a still more marked superiority over either of these

products.

SYMPATHETIC EXPLOSIONS.

By C. A. Mitchell, B.A. Oxon.

IN
an explosion we have the sudden evolution of large

quantities of gas which meet with external resistance.

Thus, in the case of dynamite, the substance is

suddenly decomposed into gases, which meet with
the resistance offered by the surface of the earth

on the one side and with that opposed by the weight of the
atmosphere on the other.

Explosive agents are roughly classified as "high" and
" low " explosives, the former term being usually applied to

those exploded by detonators and used as destructive agents

rather than for the propulsion of projectiles. Nitro-

glycerine and gunpowder may be taken as representatives

of the two classes.

Substances liable to explosion are, as it were, in a state

of unstable eijuilibrium, and often a slight cause is sufficient

to so disturb that equilibrium that a fresh arrangement of

the particles takes place—in other words, an explosion.

A somewhat analogous instance of instability is to be
noticed in the case of water cooled , slowly below its

freezing-point without solidifying, as occasionally happens
in bedroom jugs. When the jug is lifted the movement
destroys the equilibrium and the water suddenly becomes
ice. Prince Rupert's drops illustrate the same phenomenon.
These are small pear-shaped globules prepared by allowing
molten glass to fall from a short distance into cold water,
which causes the exterior to cool more rapidly than the
interior, and the mass is left in such a state of tension that,

if the extreme tip of the drop he broken off with pliers, the
whole flies to powder.

Explosive bodies differ very considerably in stability.

The so-called iodide of nitrogen, a black po'ft'der formed by
digesting iodine in a solution of ammonia, explodes when
dry with the slightest touch. Nitro-glycerine is more
stable and requires the blow of a hammer for its explosion.

This substance is prepared by allowing strong nitric and
sulphuric acids to act upon glycerine, care being taken to

keep the temperature low. It is an oily liquid and is

very poisonous. As an explosive it is uncertain and has
been the cause of many accidents. When mixed,
however, with an inert substance, such as sawdust, it is

much more stable. This is the principle made use of in

the manufacture of dynamite, which consists of nitro-

glycerine absorbed by a porous siliceous earth called

kieselguhr.

Dynamite is very stable under ordinary conditions, as

was well shown in the experiments carried out in the
Lauenburg Fabrik in 1870." A barrel containing five

hundred and forty kilograms! was dropped a distance of

twenty feet on to a paved road, and in a second experiment
a weight of ten kilograms was dropped on to a dynamite
cartridge. In neither instance was there any explosion.

The dynamite used burned quietly when thrown on a fire,

but exploded powerfully even on an open surface when a

detonating cartridge was exploded in contact with it. We
have thus the curious phenomenon of a substance which
burns quietly and withstands a heavy blow, but which
disintegrates readily when another less stable body is

exploded beside it. This is explained by the theory of an
explosive wave which is communicated from the one
explosive to the other. Where an explosive burns quietly

there is much slower decomposition, and the particles

first taking fire radiate their heat too quickly for the

entire mass to be simultaneously raised to the temperature

of explosion. If the heat cannot be dissipated sufficiently

fast, as in the case of confined gun-cotton, an explosion

follows just as when a detonator is used. Thus the

unstable equilibrium may be disturbed either by heat or by
communication of a mechanical vibration. This latter

method of sympathetic explosion, as it has been termed, is

now very generally used to effect explosion of charges of

dynamite and gun-cotton.

Thrt the deflagration of one substance can produce a

sympathetic explosion at a distance has baen illustrated

by many accidents. The explosion of a quantity of nitro-

glycerine in one shed has often caused the explosion of

other materials some distance away. A remarkable

instance occurred in 1888, in a factory at Wandsworth,

» Ber. Deitt. Chem. Ges., IX., 1802. t A kilogram= 22 Iba.
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where tlie caps for toy pistols were made. It was believed

that the explosion was owing to one of these nmoires,

containing more than the regulation amount of composition,
having been cut with scissors, and thus causing all the
rest to explode. The shed was wrecked, and three girls

lost their lives. A similar case happened in France, where
a child was killed by cutting open a cap, which caused two
large packets to explode.

When an explosion is communicated from one cartridge

to another there is a gradually weakening effect This
was proved experimentally, in 1872, by Captain Miintz, at

Versailles. The explosion of the first charge excavated a
funnel-shaped hole in the ground measuring •') metre*
in diameter. The shock caused a second similar cartridge
placed at some distance to explode, but in this case the
diameter of the hole excavated was only -6(3 metre.

Captain Colville found that there was a definite relation

between the weight of the charge used and the distance

between the cartridges. A charge weighing one kilogram,

and containino; seventy-five per cent, of dynamite, commu-
nicated its explosion on hard ground -3 metre. Where D
represents the distance in metres, and C the weight of the
charge in kilograms, he showed that under these conditions

D := 3 C. When the cartridges were laid on a rail, the

distance to which the explosion could be communicated
was increased, and D = 7 C. On the other hand, on soft

or ploughed earth the distances were much less.

To explain this property of explosives. Sir Frederick
Abel advanced the attractive theory of a sympathetic
rhythmic vibration between the substance detonating
and that detonated, analogous to the synchronous vibra-

tions set up by sound waves. A certain note of a piano
will often cause a glass to jingle, and if the glass be made
to emit its note it will be found to be the same as the

note of the piano—that is, each vibrates at the same rate.

Sir Frederick Abel thus expresses his theory :
" Vibrations

produced by particular explosions, if synchronous with
those which would result from the explosion of a
neighbouring substance, will, by their tendency to develop
those vibrations, either determine the explosion of that

substance or at any rate greatly aid the disturbing effect of

mechanical force suddenly applied."

Facts in support of this are that sometimes a feeble

detonation will determine an explosion when a more
violent one will not. Thus iodide of nitrogen will not
cause compressed gun-cotton to explode, nor does nitro-

glycerine cause the explosion of gun-cotton in sheets on
which is placed the case of nitro-glycerine.

The interesting experiments of Champion and Pelletf

tend, perhaps, to confirm this.

1. A very small quantity of iodide of nitrogen, detonated

at one end of a long narrow tube, caused the explosion of

a similar quantity of the same substance placed at the

other end of the tube at a distance of seven metres. That
the transmitted concussion was slight was shown by. the

insertion of a light pith ball in the middle of the tube.

2. Damp iodide of nitrogen was fixed to the strings of a

bass viol. When it was dry the strings of a similar

instrument were made to vibrate at a distance. A deto-

nation occurred only when a note giving sixty vibrations

per second was sounded. The G cord caused an explosion,

while the E cord did not. The vibrations produced by
metal plates acted in the same manner as strings.

From these results the observers came to the conclusion

that explosion was due to vibratory motion independent of

heat and shock.

This theory has not met with general acceptance.

* A -raMre = 393 inches. t Compies rendus, LXXV.

Eissler^ is strongly opposed to it. He urges that all the
experiments of Champion and Pellet may be explained by
taking into account the vibrations of the supports and the
resulting friction. Moreover, the characteristic feature of
a given note has never been established, but only the fact

that below a certain rate of vibration the explosive effect

ceases. He explains the facts by the supposition of
two orders of waves, one explosive and the other purely
mechanical.

In substantial agreement with him. Berthelotj also

objects to the theory of sympathetic vibrations. He proves
that the chemical stability of matter is unaltered by merely
sonorous vibrations, even when the substances experi-

mented on are as unstable as ozone, which is so readily

changed into oxygen. Therefore, according to him,
sonorous waves cannot be the real agents in chemical
decomposition and explosion. His explanation is that
" explosive matter detonates, not because it transmits the
vibratory energy by vibrating in unison, but, on the
contrary, because it stops it and appropriates the energy."
With reference to Abel's experiments, he argues that if

gun-cotton can explode nitro-glycerine, why cannot nitro-

glycerine explode gun-cotton, assuming that the two
compounds vibrate in sympathy ; whereas this transforma-
tion of energy into work may be readily explained by a
difference in constitution.

The same chemist made a large number of experiments
to determine the velocity of the explosive wave in the case
of different explosives. ' Long, narrow tubes, made of

lead, tin, or Britannia metal were used, and the rate of

propagation of disturbance through the tube measured.
He found this to depend on— (1) The diameter of the
tube; (2) the density of the explosive; (3) the resistance

of the material of the tube. The explosive wave from
compressed gun-cotton had a mean velocity of five thousand
two hundred metres per second in lead tubes, and of six

thousand metres per second in tin tubes. Liquid nitro-

glycerine gave results varying from one thousand and
seventy-eight to one thousand three hundred and eighty-

six metres per second ; while dynamite had a mean rate

of two thousand five hundred and forty-three metres per
second. It was found a matter of great difficulty to deto-

nate the nitro-glycerine in such narrow tubes. A curious

feature was, that whether the tubes were curved or straight,

the results obtained were substantially the same.

GLOBULAR STAR CLUSTERS.

By J. E. GoKE, F.R.A.S.

THE term " globular cluster " has been applied to

those clusters of stars which evidently occupy a

space of more or less spherical form. Some of

these "balls of stars," as they have been called,

are truly wonderful, and are among the most
interesthig objects visible in the stellar heavens. Good
specimens of the class are, however, rather rare objects,

and there are not many in the northern hemisphere.
The most remarkable is that called " the Hercules cluster,"

but known to astronomers as 13 Messier, it being No. 13 in

the first catalogue of remarkable '' nebuloe " formed by
Messier, the famous discoverer of comets. It was discovered

by Halley in 1714. Messier was certain that it contained

no stars ! This wonderful object lies between the stars

Zeta and Eta Ilerculis, nearer to the latter star. It may
be seen with a binocular or good opera-glass as a hazy

X Modern High Sxploxives. § Le-i Mafierex Explotfve-t.

]\ Comptes re-ndus, ICO, 314—320.
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star of about the sixth maguitude. When examined with

a good telescope it is at once resolved into a multitude of

small stars, which can be individually seen, and even

counted with large telescopes. The number of stars

included in the cluster was estimated at fourteen thousand

by Sir William Herschel, but the real number is probably

much smaller. Were the number so great as Herschel

supposed, I find that the cluster would form a much
brighter object. It has been well photographed at the

Paris and Lick Observatories and by Dr. Roberts.* Its

globular shape is evident at a glance, and we cannot doubt

that the stars comprising it form a gigantic system,

probably isolated in space.

Most people might think that this cluster was a mass of

double and multiple stars, but this is not so ; the com-
ponent:;, close as they are, are too far apart to be considered

as true double stars. Mr. Burnham, the famous double

star observer, finds one close double star near the centre,

and notes the remarkable absence of close double stars in

bright and apparently compressed clusters.

In the same constellation, Hercules, between the stars

Eta and Iota, but nearer the latter, will be found another

object of the globular class, but not so bright, or so easily

resolvalile into stars as the cluster described above. It is

known as 92 ^lessier. Buifham, examining it with a nine-

inch mirror, thought the component stars brighter but

more compressed than in IH Messier. This object was
photographed by Dr. Eoberts, in May, 18!)1, with a

twenty-inch reflecting telescope, and an exposure of one

hour. Dr. Roberts says :
" The photograph shows the

cluster to be involved in dense nebulosity, which on the

negative almost prevents the stars being seen through it,

and on the print quite obscures the stars. The stars in

this, as in ail other globular clusters, are arranged in

various patterns, and many of them appear to be nebulous."

Another fine globular cluster is that known as 5 Messier.

It lies closely north of the fifth magnitude star 5 Serpentis.

It was discovei-ed by Kirch in 1702, and was observed in

1764 by Messier, who found he could see it with a telescope

of one foot in length, but could not resolve it into stars.

Sir William Herschel, with his forty-foot telescope, could

count about two hundred stars, but could not distinguish

the stars near the central blaze. Sir John Herschel de-

scribes it as an excessively compressed cluster of a globular

form, with stars of the eleventh to the fifteenth magnitude
condensed into a blaze at the centre. Lord Rosse found
it more than seven or eight minutes of arc in diameter,

with a nebulous appearance in the centre. This cluster

was photographed by Dr. Roberts with a twenty-iuch

reflector, in April, 1892. The photograph shows the stars to

about the fifteenth magnitude, and "the cluster is involved

in dense nebulosity about the centre. The nebulosity

hides the stars even on the negative.''

Another fine object of this class is that known as 15

Messier, in Pegasus, discovered by Maraldi in 174.5. Sir

John Herschel describes it as a remarkable globular

cluster, very bright and large, and blazing in the centre.

Webb found it a glorious object with a nine and one-third

inch mirror. It was photographed by Dr. Roberts in

November, 18110, with an exposure of two hours. He says :

"The photograph confirms the general descriptions, and the

negative shows, separately, the stars of which the cluster is

composed distinctly through the nebulosity to the centre.

Many of the stars have a nebulous appearance, and they
are arranged in curves, lines and patterns of various forms,

with lanes or spaces between them."
The cluster known as 3 Messier, in Canes Venatici, is

* See Kkowledge for May aud June, 1893.

another fine object of the globular class. Sir John Her-
schel described it as a remarkable object, exceedingly bright

aud very large, with stars of the eleventh maguitude.

Admiral Smyth thought that it contained at least a thousand
stars. Buffham found it resolved even in the centre with a

nine-inch mirror. It was photographed by Dr. Roberts in

May, 1891, with an exposure of two hours, and the photo-
graph confirms the general descriptions given of the cluster,

though " the print fails to show the stars that on the

negative crowd the space covered by the dense nebulosity."

Dr. Roberts remarks that " nebulosity seems invariably to

be present in globular clusters."

We may also mention the globular cluster known as

2 Messier, situated a little north of the star Beta Aquarii.

It was discovered by Maraldi in 1746. Sir John Herschel

compared it to a mass of luminous sand, and estimated the

stars to be of the fifteenth magnitude. Sir William Herschel,

with his forty-foot telescope could " actually see aud distin-

guish the stars even in the central mass." I estimate

that this cluster contains about four thousand stars, or

more than the number of stars visible to the naked eye at

one time.

In the southern hemisphere there are some mag-
nificent examples of globular clusters, and, indeed, this

hemisphere seems to be richer in these objects than the

northern sky. Among these southern clusters is the truly

marvellous object known as Omega Centauri. Its apparent

size is very large—about two-thirds of the moon's
diameter—and it is distinctly visible to the naked eye as a

hazy star of the fourth magnitude, aud I have often so

seen it in the Punjab sky. Sir John Herschel, observing

it with a large telescope at the Cape of Good Hope, de-

scribes it as " beyond all comparison the richest and
largest object of its kind in the heavens. . . . All clearly

resolved into stars of two sizes, viz., thirteen and fifteen

. . . the larger lying in lines and ridges over the smaller ;

. . . the larger form rings like lace-work on it." This

wonderful object has recently been photographed by Dr.

Gill at the Royal Observatory, Cape of Good Hope,' and
also at Arequipa, Peru, with a telescope of thirteen inches

aperture. On the latter photograph the individual stars can

be distinctly seen and counted. The enumeration has been

undertaken by Mr. and Mrs. Baily, and a mean of their

counts gives six thousand three hundred and eighty-nine

for the number of stars in the cluster ; but they consider

that the real number is considerably greater.

Another wonderful object is that known as 47 Toucani,

which lies near the smaller magellanic cloud. Sir John
Herschel describes it as " a most magnificent globular

cluster. It fills the field with its outskirts, but within its

more compressed part I can insulate a tolerably defined

circular space of 90" diameter, wherein the compression is

much more decided, and the stars seem to run together, and
this part has, I think, a pale pinkish or rose colour . . .

which contrasts, evidently, with the white light of the rest.

The stars are equal, fourteen magnitude, immensely
numerous and compressed . . . Condensation in three

distinct stages ... A stupendous object."

There are a number of other globular clusters of smaller

size in the southern hemisphere, but the above are the

most remarkable.

The actual dimensions of these globular clusters is an
interesting question. Are they composed of stars com-
parable in size and mass with our sun '.' or are the

component stars really small and comparatively close

together ? This is a difficult question to answer, as the

t See pliotugraiili of (his Cluster taken at the Cape Observatory,

published in Knowledge for June, 1893.
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distance of these objects from the earth has not yet been
determined. They may, on tlie one hand, be collections
of suns similar in size to ours and situated at vast distances
from the earth ; or, on the other hand, the stars composing
them may be comparatively small objects, lying at a
distance from the earth not exceeding that of some stars
visible to the naked eye. Perhaps the latter hypothesis
may be considered the more probable of the two ; but
there is really no reason to suppose that these collections
of suns are comparatively near our system. The proba-
bility seems to be in favour of their great distance from
the earth, for in all these clusters the component stars are
very faint. The question of the absolute size of the com-
ponent stars is one which has not hitherto been sufficiently
considered. Let us examine both alternatives, and let us
take the cluster Omega Centauri, as one in which the
number of the component stars has been actiudhj counted.
Assuming that the real number of stars included in this
cluster is ten thousand, and that they are indi\'idually
equal, on an average, to our sun in mass and volume, we
may estimate the distance and dimensions of the cluster.
Taking the stellar magnitudes of Omega Centauri as four
(as estimated at Cordoba Observatory), I find that with
the number ten thousand the average magnitude of the
component stars would be fourteen. This agrees with Sir
John Herschel's estimate of thirteenth to fifteenth magni-
tude. Now to reduce the sun to a star of the fourteenth
magnitude, I tind that—assuming the sun to be twenty-six
and a half magnitudes brighter than an average star of the
first magnitude, as shown by photometric measures—it

would be necessary to remove it to a distance equal to
seventy-nine million four hundred and forty thousand
times the earth's distance from the sun—a distance so
great that light would take no less than one thousand two
hundred and fifty-three years to reach us from the cluster!
Taking the apparent diameter of the cluster at twenty
minutes of arc, I find that its real diameter, if placed at
the above distance, would be four hundred and sixty-one
thousand five hundred and forty times the sun's distance
from the earth—a diameter so great that light would take
over seven years to cross it ! Supposing the ten thousand
stars which compose the cluster to be equally distributed
through this sphere, I find that the distance between the
individual stars would be about twenty-one thousand times
the sun's distance from the earth, or about four months'
journey for light. This is, of course, an enormous distance
—about seven hundred times the distance of Neptune from
the sun ; but still the distance of the nearest fixed star
from the earth—Alpha Centauri—is over twelve times
greater ; and considering the vast extent of the visible

universe, not to speak of infinite space, there is nothing
to militate against the existence of a cluster of suns with
the components separated fi-om each other by the great
distance just found.

The distance found above for Omega Centauri is certainly
enormous, and might lead us to suspect that these globular
clusters are external universes. Judging, however, from
the average distance recently found for stars of the first

and second magnitudes, the distance of ordinary stars of
the fourteenth magnitude—on the supposition that they
are of the same size and brightness, and that their light
is simply reduced by distance—would be about ten times
greater than that found above for Omega Centauri. If,

then, we increase the distance of the cluster ten times, it

will be necessary to also increase the diameter of the
component stars to ten times that of the sun. This would
give them a volume a thousand times greater than that of
our sun—a result which is, of course, highly improbable.

If, on the other hand, we do not like to admit that each

of the faint points of light composing the cluster is equal
in volume to our sun, let us diminish the distance ten
times. If we do so we must also diminish the diameters
of the component stars ten times. This would make them
about the size of the planet Jupiter, and it seems very
improbable that such comparatively small bodies could
retain their solar heat for any length of time They would
probably have cooled down, as Jupiter has done—at least

to a great extent—ages ago, and would not now be visible

as a stellar cluster. Even this reduction of the distance
to one-tenth of the value found above would still leave the
cluster at an immense distance from the earth, a distance

represented by one hundred and twenty-five years of light

travel. A reduction of the distance to one-tenth of this

again, or twelve and a half years of light travel, would
make the components about the size of the earth, and that

bodies of this small size could shine with stellar light

seems to be an untenable hypothesis.

There is, however, another point to be considered with
reference to the size of the bodies composing a globular
cluster. This is the character of their light. I am not
aware that the spectrum of a globular cluster has yet been
thoroughly examined, but if that of Omega Centauri gives

a spectrum of the first or Sirian type, it would modify the
above conclusions to some extent. It now seems prob-
able that stars having a spectrum of the Sirian type are

intrinsically brighter than the sun. I have shown in a
former paper that Sirius is about forty times brighter than
our sun would be if placed at the same distance, although
the mass of Sirius is but little more than twice the sun's

mass. The components of a star cluster, therefore—if of

the Sirian type of stars—might be as bright as the sun,

and at the same time have a smaller mass and voiiime.

These considerations seem to me to warrant the con-

clusion that these globular clusters are probably composed
of stars of average size and mass, and that the faintness

of the component stars is simply due to their immense
distance from the earth.

[Mr. Gore's suggestions for determining the distance of

stellar clusters will be followed with interest by readers of

Knowledge ; but his conclusions, I venture to think, are

doubtful, as they are founded upon an assumption which,

it seems to me, we are not warranted in making—viz.,

that it is " an untenable hypothesis " that stars of the size

of Jupiter or the earth could shine with stellar light,

because they must have cooled so that they would now be

dark stars, and consequently invisible to us.

Mr. Gore might possibly be warranted in coming to such

a conclusion if he knew (1) that all parts of the stellar

universe commenced to cool down at the same period
;

(2) that the cooling went on everywhere uniformly ; and

(3) that there were never any collisions between stars

giving rise to the reheating of cooled masses.

Such collisions seem much more probable between the

stellar members of a close cluster than between isolated

stars. In fact, if the stars of the stellar cluster are moving
under the influence of their mutual gravity, it seems
impossible to conceive of a system of motion in which
collisions would not occasionally occur, and the more com-

pact the cluster the more frequently would such collisions

happen, giving rise to a rekindling of the stellar brightness

by the conversion of energy of translation into heat.

Mr. Gore seems to think that it is " highly improbable
"

that any star could have a volume a thousand times greater

than that of our sim, while, on the other hand, he thinks

it "an untenable hypothesis " that any bright star could

have a diameter as small as that of Jupiter, or about a

tenth of the solar diameter. But in the case of the
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Pleiades cluster we have a range of apparent brightness

which corresponds to at least twelve and a half magnitudes,

that is, the brighter stars of the cluster give one hundred
thousand times as much light as the smaller stars which,

it will hardly be doubted, are at the same distance from

us as the large stars of the cluster, and in the case of the

cluster about a Cruois there is probably a range of at least

fifteen magnitudes, which corresponds to a light ratio of

one to a million.

If we adopt Mr. Gore's theory with regard to the great

distance and size of these star clusters, we are carried back

to the old theory, that clusters and nebulas are distant

galaxies, outside and unconnected with the Milky Way
system ; an assumption which has very generally been

rejected since the publication of Herbert Spencer's paper

on the " Nebular Hypothesis " in the Weatviitister Berieir

for July, 1858, in which he showed that the general distri-

bution of nebuliB and clusters corresponded with and was
complementary to the general distribution of luminous

stars, proving that the nebuls and clusters were membprs
of the galactic system—a fact which was brought out

still more clearly in 1869 by Mr. Proctor's papers and
charts illustrating the distribution of nebula and clusters,

and which is now still further enforced by the beautiful

charts of Mr. Sydney Waters, published in the last number
of the Monthly Xotices.

Assuming, then, that the star clusters are at the same
distance ft-om us as the Milky Way and the large stars

associated with it, we must either believe that the first

magnitude stars connected with the Milky Way are millions

of times larger than our sun or that the small stars of the

clusters are much smaller than the sun, and in some cases

probably smaller than the earth, if they compare in bright-

ness with our sun.—A. C. Ranyakd.]

ON THE INHABITANTS OF SOME COMMON
GALLS.

By the Rev. Alex. S. Wilson, M.A., B.Sc.

ON
certain plants swellings, excrescences, and defor-

mities of various kinds occur, caused by the action

of insects. The oak-galls imported in quantities

from the Levant, and largely used in the manu-
facture of ink, are of this nature. Gall-making

insects show a marked preference for the oak, but some
species select the willow, poplar, and other trees, while

others confine themselves to various species of shrubby or

herbaceous plants. The study of galls opens up a sin-

gularly interesting chapter of natural history. To the
entomologist they oli'er an inviting field for original research;

for the botanist they have at least a pathological signifi-

cance ; some knowledge of them is of practical use to

farmer and gardener ; while the attractive appearance of

some kinds is fitted to excite the curiosity of every obser-

vant lover of Nature.

Besides the insect which makes it, a gall is often tenanted
by other species, termed inquiUnes, from the Latin inqui-

linux, meaning a lodger. Of this fact the writer had
evidence afibrded lately by finding on the common ger-

mander speedwell a gall, which, when opened, was found
to contain four orange-coloured larvre, along with three
white ones which apparently belonged to another species

altogether. The cuckoo's egg in the hedge-sparrow's nest

at once rose before the mind, and it was difficult to resist

the conclusion that we had before us evidence of a similar

habit on the part of insects. To place the matter beyond
doubt, it would have been necessary to rear the perfect

insects from the gall. Unfortunately, an attempt to do so

proved unsuccessful. On a former occasion, fi'om an ab-

normally thickened twig of the pine which was placed

under a glass shade we obtained after some days a whole

swarm of midges. Some such method is followed when it

is desired to rear the insects from the galls ; the shoot or

leaf which bears the galls is placed in water and covered

with muslin, or, better, in a wide-mouthed bottle, having

damp sand in the bottom. For this purpose the more
advanced galls must be selected. It is a common ex-

perience in experiments of this kind that instead of a

single species difl'erent kinds of fly emerge from the same
gall, and it is not always easy to determine which is the

original gall-maker. In this way it has been ascertained

that the gaUs of the Cynipidfe are often inhabited by other

species of Cynips, of Synergus, Amblynotus, and Synophrus.
On one of the willows a gall which resembles a pine-

cone grows ; it is made by a large species of Cecidomyia,

which inhabits the centre, and in the outer part numerous
smaller species of Cecidomyia take up their abode.

Certain saw-flies are inquilinous in the galls of the

gall-gnats, and certain of the latter return the compli-

ment. In many cases the iuquiline causes the death

of the original inhabitant, but in other instances a

iiiodtis vivfiiili seems to be arranged, landlord and lodger

contriving to exist together in harmony, sharing the sub-

stance of the gall for food. Certain kinds of beetle have

also been found in galls, for whose presence it is not easy

to account, seeing they are not gall-feeders. Both the

gall-maker and its guests are liable to the attacks of

parasitic insects, especially of ichneumon flies ; these

deposit their eggs in the larv* within the gall. For this

reason it often happens that from a gall one may fail to

obtain any perfect insects except the parasitic species.

Other hymenopterous parasites are the Proctotrypidas and
Chalcidie ; the larva of one of the latter preys on the

larvae of Cynips glutincsa, and its lodger, Syneryus facintus.

It is otherwise with the Braconidae and Ichneumonidse

occurring in the oak-apple ; these are believed to be

parasitic, not on the owner of the gall, but on the

inquilinous Tortricidfe.

As the guests may belong to difl:erent species, and as not

only the gall-maker but each of the lodgers may have

their own specific parasites, we may have an extraordinary

variety of insects inhabiting the same gall. From one of

the wUlow-gaUs Mr. B. Walsh obtained sixteen difl'erent

insects, preyed upon by eight others, twenty-four in all,

representing eight orders—quite a respectable entomo-

logical collection.

The treasures of the hive are liable to be appropriated

in a similar way by intruders, such as the fly Volucella,

which eft'ects an entrance more easily on account of its

deceptive resemblance to a bee, but the honey gatherers

would seem to have much less cause for complaint on this

score than have the makers of the galls.

Dr. Adler arranges the inhabitants of galls under three

heads—gall-makers, inquiUnes, guest flies or cuckoo flies

and parasites. He also mentions commensals, under

which may be included those beetles, already referred to,

which do not feed on the galls, and also the larvte of certain

moths whicli Mr. P. Cameron describes as attaching them-

selves to the exterior of galls and feeding on them, but

without interfering with the occupants. The larviB of the

inquiline usually develop more rapidly than do those of

the gall-maker, and a saving of time may be one of the

advantages which the inquilinous habit secures. Such at

least appears to be the advantage in the case of the cuckoo
;

for the remarkable instinct of this bird, there can be little

doubt, has reference to the shortness of its stay in this

country. The young cuckoo, a few days after it is hatched,

is said to eject the young hedge-sparrows from the nest, and
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thereafter eujoys the exchisive attention of its foster parents.

Did the cuckoo require to build a nest and rear its young
in the ordinary way, it is doubtful whether the latter

would be sutBciently advanced to take their departure

along with the other birds when the time for leaving our

shores arrived.

The most perfect galls are made by the Hymenoptera,

though those of the Diptera are perhaps more numerous.

The Hemiptera, I epidoptera, Coleoptera, and several other

orders include gall-making species. A species of beetle or

gall-weevil forms pseudo-galls on the willow ; the leaves

of the lime, poplar, elm and many other plants are galled

by plant lice ; the curiously shaped Chinese galls are also

formed by one of the aphides (Aphis Chinensis). These

grow on a species of Ehus and are of commercial im-

portance on account of the high percentage of tannin

they contain. Coccus galls on the Australian Eucalypti

constitute what is known as vegetable coral ; the male

insect, as Mr. Froggat tells us in his recent paper,

occupies a separate gall from the female. The larvie of

Lepidoptera are more frequently leaf-miners and leaf-

rollers than gall-makers, but several moths have been

reported as bearing this character ; one forms a fusiform

gall on a creeping plant in New Zealand ; a lepi-

dopterous gall from Patagonia has also been described by

Mr. Cameron which closely resembles the oak marble gall

of Cijnijis kolhiri. Mite-galls in the form of little tufts of

hair, or thickened and blistered leaves, duo to species of

Phytopus, are of very frequent occurrence. ]\Iites are not

properly insects, but belong to the Arachnida
;
galls of

theirs may be seen on the stitchwort, on the meadow
grass and several others. Examples of " worm-galls

"

occur on some of the hawkweeds and on species of

Planfago. Although mite and aphis galls are of common
occurrence, they are not so perfect nor are their forms so

characteristic as those made by Hymenoptera and Diptera

;

they are generally more or less open. This is also the

case wiih many dipterous galls ; those of the Hymen-
optera, on the other hand, are completely closed.

Two families of hasects stand out pre-eminently as gall-

makers—the Cynipid;!' among the Hymenoptera, and the

CecidomyidiE, a family of Diptera ; the former, alongside of

which we may place the allied Tenthredinidre, or saw-tlies,

are the gall-wasps or true gall-Hies, as distinguished from

the Cecidomyias, which are the gall-midges or gall-gnats.

The females in both groups are provided with a slender

ovipositor ; with this the punctures are made in vegetable

tissues and the eggs introduced. How the presence of

these should stimulate the tissues into abnormal growth

is a question which has attracted a considerable amount
of attention, and can hardly be said to be finally settled

yet. It was formerly supposed that along with the egg

"the insect also injected some secretion into the wound,

which acted as an irritant. This view gained plausil)ility

from the ovipositor being merely a modification of the

wasp's sting. Latterly, however, the irritant properties of

the secretion have been questioned ; it has been shown

in many cases that the formation of the gall does not

commence until after the larvic are hatched, and Dr. Adler

holds that the formation of galls must be attributed

almost entirely to the action of the larvse in feeding, aided

possibly by their salivary secretions. That this is the

true explanation of the lormation of a large number of

galls admits of no doubt ; but if Prof. Trail's assertion

that the galls of C^ynips and Tenthredo are fully formed

before the eggs they contain are hatched be true, then

their formation must be due to some other cause than the

activity of the larva\

Not only do different gall-makers select different plantu,

but they very often confine themselves to particular' parts
of the plant, such as the leaf, young shoots, stems, tloral

organs, or roots. The galls of the oak, which are exceed-
ingly numerous, are mainly the work of Cynipidw. C,
hillari produces the marble galls often used to ornament
rustic work ; the oak-apple or sponge is caused by Andricus
terminalis : the currant gall by Spat/n'ijaxtei- hoccnrum

:

Xt'uniteru.t leittuuhais gives rise to the button galls or
oak spangles on the under sides of the leaves ; the catkins

are galled by Andricus ncmJtus : Dryophnnta scntrtlaris

makes the succulent cherry-galls ; and the large galls on
the root of the oak are occasioned by Aphihithiix mdicis.

The species of gall-fly are very numerous, and as each
gall-maker follows its own pattern, their galls assume a

great variety of shapes, as their common names indicate.

But the same thing has happened here as was formerly
found to be the case with parasitic leaf fungi ; in a number
of instances, two forms, which were at first described as

distinct species, turn out to be only different phases in the
life-cycle of one and the same species ; and as the

alternating generations produce totally different galls, we
have the latter exhibiting the phenomenon of dimorphism.
The currant-galls of the oak, which appear in spring, and
the oak spangles, which arc formed towards the end of

summer, are believed to be related in this way. The brood
which emerges from the former consists of both males and
females ; the autumnal galls yield nothing but females.

Among twelve thousand specimens reared from the Devon-
shire gall, Mr. F. Smith found not a single male ; and
different observers relate a similar experience with other

galls. There can be no doubt, therefore, that the gall-tlies

resemble the aphides in their power of multiplying both
sexually and asexually. Before these facts were brought
to light, it was impossible to explain how the fly which
emerges from the currant-gall ia June succeeded in

surviving the winter and producing new galls in the spring,

but it now appears that the spangle galls are carried down
to the earth with the falling leaves, where they remain
throtighout the winter months, and from the impregnated
eggs they contain, in due time the female brood emerges,

which deposit their unimpregnated eggs in the currant-

galls of spring. So far as known, this dimorphism is

confined to the galls of Cynipida^

Irregular, egg-shaped swellings of a bright red colour

on the leaves of willows are caused by a very common saw-

fly, Ncmiitm i/KllicoIii : but a much more familiar example
is the mossy gall, or bedeguar of the wild rose. This gall,

which is produced by a Cynipid yBhodites rose(e), is an
arrested leaf-shoot ; only the vascular fibres of the leaves

are developed, and it is to these the gall owes its mossy
appearance. The russet and carmine tints of these fibres

give the gall a very beautiful appearance. Internally it

consists of a number of cells massed together, in each of

whicli is a larva. Galls of this description which are made
up of a number of compartments are termed polythalamous

;

those having but a single larval chamber are mono-
thalamous. When inquilines take possession of a many-
chambered gall they often convert it into a monothalamous
one, besides distorting its shape. Galls at first are solid,

but as the larva eats away the interior they become hollow.

The grubs of many gall-flies complete their metamorphoses
within the gall, from which they only emerge after attain-

ing the winged condition ; others again, when full fed,

pierce a hole in the gall, through which they descend to

the ground, where they pass the pupa stage of their

existence. In the highly developed galls of tlie true

gall-flies, as many as seven different layers or tissues may
be distinguished ; the central mass constituting the food

of the larviB, and the outer layers being protective in
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fuuctiou. The coloration of galls is perhaps also pro-

tective in some cases. Protection is needed especially

against birds, some of which break open galls to get at the

grubs they contain.

Besides the bedeguar a red globular gall, that of

U. tyhinh'i-ia, is common on the leaves of the dog-rose,

and all our native roses are galled by Cynipids. In these

rose-galls species of Periclistus take up their quarters as

inquilines ; ichneumons may also be present as parasites.

The galls of Andrinis mliens are known in California

as " flea seeds," from their jumping about on the ground ;

this results from the spasmodic movements of the larva

inside the thin-walled cavity of the gall. Another

Californian gall has been described as covered with mobile

hairs, which are sensitive to touch like the leaves of the

mimosa. Very remarkable, too, is the relationship sub-

sisting between the Cynipid* and figs. Certain species of

saw-fly deposit their eggs in the seed-vessels of the florets

in the interior of the wild fig. When fully developed the

saw-flies emerge, covered with pollen obtained from the

male flowers near the opening of the fig. Following an

ancient custom, the Greeks and Italians bang up bunches

of the wild fruits on their cultivated fig trees, and the

poUen-covered tiies which escape from them enter the

cultivated figs and fertilize the female florets in their

interiors. This operation is known as caprification. The
figs of the wild variety might almost be described as galls,

since they serve as hatcheries lor the saw-flies. Each
species of fig would further appear to have its own special

saw-fly. The Dead Sea fruit, or apples of Sodom, '• which

tempt the eye but turn to ashes on the lip," are probably

galls on a species of oak produced by Cynips i)is(jna,

though some suppose that the reference is to the fruit of a

species of Asclepias.

We come now to the galls of the Cecidomyidae. In this

country one has not far to seek for them
;
just at present

the galls of Cecidomi/ia urtictT are very abundant on the

common nettle. They grow on difl'erent parts of the plant

as irregular swellings, sometimes on the basal lobes of the

leaf, often as irregular masses on the inflorescence.

When opened, each cavity is seen to contain a single white

larva.

On the umbels of the wild carrot, which is just now
coming into fruit, here and there one may find a fruit

enlarged to twice the ordinary size. Each loculus of the

two-celled ovary is occupied by a single orange-coloured

grub of Cecidomyia. Older galled fruits which have

been vacated are also to be seen, with two little round

holes at their base, through which the larva? have made
their exit. This species completes its metamorphosis

outside the gall, but numbers of the gall-midges spin their

cocoons within it, and only leave the gall as winged insects.

Swollen stems and leaves are very common on the lady's

bedstraw and other species of Galium. These yellowish-

green galls are produced by the gall-midge C. (jalli.

('. campti/iula, as its name indicates, gives rise to globu-

lar and ovate galls on the harebell [Cnmjiunulu wtundi-

fiiliii). Other midges gall ihe flower-buds of the whin and

broom, the ovary of the violet, the catkins of the birch,

the leaves of the ash and willow, the leaf-stalks of the

poplar, and the fronds of the bracken. It would occupy

too much space to enumerate all our native plants on

which these dipterous galls occur. Such a list will

be found in Prof. Trail's papers in the Srotlish

yatiiralist. Suflice it to say that one has only to look

for them to find them, since they are borne by a large

proportion of our native wild flowers. The species of

Cecidomyia are usually named from the plants from which

their galls are obtained. The gall on Veronica cJuunadrys,

mentioned at the beginning of this paper, is one of the

commonest ; it consists of an arrested terminal shoot with

closely overlapping leaves. Externally it is reddish in

colour and covered with grey hairs ; within is a padding

of hairs, and in the axil of each leaf a cell is formed con-

taining the orange larva of the gall-midge '
'. vtroiiica.

Whether any inquilines have ever been noticed in it or

not, we have not been able to ascertain, and the evidence

aflbrded by the white larvie is inconclusive, for Mr. F.

Binnie states that the larvse of C. tiifidii, which galls the

clover-leaf, are white when young but gradually change to

orange at maturity. But as the number of larv;^ in the

gall was larger than usual, the probability that the white

ones belonged to a difterent species from the orange ones

is considerable. Be this as it may, the gall in question,

according to Prof. Trail, is really a mite-gall, which is

taken possession of by the gall-midges ; and if this opinion

be correct, then our white and orange larvie, whether of

the same species or not, both partook of the eu;koo

character. The gaUs on the wild thyme are of a similar

description, and are tenanted by the orange larva^ of

C. tht/niu'ola.

The reader who desires to pursue this subject will do

well to consult the article on galls in the " Encyclopsedia

Britannica"; Mr. Cameron's volumes in the Eiy Society's

"Proceedings " on the British Phytophagous Hymenoptera

;

Dr. Adlers recently translated " Essiy on Oak Galls "
;

and the articles of Prof. Trail before mentioned, to which

we have been indebted in the preparation of this paper.

THE FACE OF THE SKY FOR OCTOBER.

By Herbeet Sadler, F.R.A.S.

SUNSPOTS and faculae are still prevalent on the

solar surface. The zodiacal light should be looked

for before sunrise. Conveniently observable

minima of Algol occur at lOh. 30m. p.m. on the

18th, and at 7h. 18m. p.m. on the 21st.

Mercm-y is not well situated for observation during

October, as through the whole of the month he never sets

much more than half an hour after the Sun.

Venus is stiU visible as a morning star, but is not very

well placed for observation by the amateur, and her

apparent diameter is rapidly decreasing. She rises on the

1st at Ih. 32m. a.m., or one hour and a half before the

Sun, with a northern declination of 3° 36', and an

apparent diameter of lOi", Teo'''is o^ ^^^ ^^^'^ being

illuminated. On the- 7th she rises at 4h. .50m. a.m., or

Ih. 22m. before the Sun, with a northern declination of

0^ 39', and an apparent diameter of 10 '. On the 17th she

rises at oh. 22m. a.m., or Ih. 6m. before the Sun, with a

southern declination of 1° 19', and an apparent diameter

of 10'. On the 31st she rises at 6h. 6m. a.m., or about

three-quarters of an hour before the Sun, with a southern

declination of 11^ 1', and an apparent diameter of 9|",

J/gths of the disc being illuminated. During the month
she passes through nearly the whole of Virgo, being very

near tj Virginis on the 8th.

Mars is an evening star, and is excellently situated

for observation, coming as he does into opposition with the

Sun on the 20th. He is at his least distance from the

earth (40,010,000 miles) on the 12th. On the 1st he rises

at 6h. 32m. p.m., or .52m. after sunset, with a northern

declination of 9^ 86', and an apparent diameter of 21-2',

the phase on the p Umb being only 5". On the 8th he

rises at 6h. p.m., or 38m. after sunset, with a northern

declination of 9^ 10', and an apparent diameter of 21-6 ',

the phase being imperceptible. On the loth he rises at
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5h. 25m. P.M., or 20m. after sunset, with a northern

declination of 8° 52', and an apparent diameter of 21-7".

On the 2'2nd he rises at 4h. olm. p.m., as the Sun sets,

with a northern declination of 8° 27', and an apparent

diameter of 21'3", being now at his brightest (star magni-

tude —2-3). On the 31st he rises at 4h. 7m. p.m., with a

northern decUnation of 8' 1', and an apparent diameter of

20'4". During October Mars describes a retrograde path

fi-om the confines of Cetus and Aries into Pisces, being

about 20' south of the 4ird magnitude star Piscium on
the night of the 24th. At about 9h. 20m. p.m. on the 17th

a 10| magmitude star wUl be about j ' south of the planet's

limb.

Jupiter is an evening star, and is becoming well placed

for obseiTatiou. On the 1st he rises at 9h. 23m. p.m.,

with a northern declination of 22° 59', and an apparent

diameter of 39;|^", the phase on the p limb amounting to

0-4". On the 8th he rises at 9h. Im. p.m , with a

northern declination of 22° 59', and an apparent diameter

of 40-1". On the 17th he rises at 8h. 28m. p.m., with a

northern declination of 22° 58', and an apparent diameter

of 41^". On the 22nd he rises at 8h. 7m. p.m., with a

northern declination of 22° 58', and an apparent diameter

of 41-9". On the 31st he rises at 7h. 83m. p.m., or 3h.

after sunset, with a northern declination of 22° 59', and an
apparent diameter of 43", the phase amounting to 0-3".

During the month he is almost stationary in Gemini, a

little to theX.E. of /x Geminorum. The following pheno-
mena of the satellites occur whUe the Sun is 8° below and
Jupiter 8° above the horizon :—On the 2nd an eclipse dis-

appearance of the first satellite at 5h. 15m. 15s. a.m., a

transit ingress of the shadow of the third satellite at

llh. 24m. P.M. On the 3rd a transit egress of the shadow
of the third satellite at 2h. Om. a.m., a transit ingress of

the shadow of the first satellite at 2h. 32m. a.m., a transit

ingress of the satellite itself at 3h. 51m. a.m., a transit

ingress of the third satellite at 4h. 41m. a.m., a transit

egress of the shadow of the first satellite at 4h. 47m.
a.m., and an eclipse disappearance of the first satellite

at llh. 43m. 38s. a.m. On the 4th an occultation reap-

pearance of the first satellite at 3h. 16m. a.m., and a

transit egress of its shadow at llh. 16m. p.m. At midnight

on the 4th a lOi magnitude star will be between the

second satellite and the pla'iet, 1-1' /' Jupiter's centre,

almost on the parallel. On the oth a transit egress of the

first satellite at Ob. 3Gm.A.M.;at midnight a lOi magnitude

star will be between the third and fourth satellites. On
the 6th a transit ingress of the shadow of the second

satellite at Oh. 15m. a.m., its transit egress at 2h. 48m. a.m.,

and a transit ingress of the satellite itself at 2h. 54m. a.m.

On the 8th an occultation reappearance of the second

f-atellite at Oh. 32m. a.m. On the 10th a transit ingress of

the shadow of the thi'd satellite at 3h. 23m. a.m., and a

transit ingress of the shadow of the first satellite at

4h. 26m. A.M. On the lltb an ecUpse disappearance of

the first satellite at lb. 37m. 3s. a.m., and its occultation

reappearance at oh. 8m. a.m. ; a transit ingress of the

shadow of the first satelhte at lOh. 54m. a.m. On the

12th a transit ingress of the first satellite at Oh. 12m.
a.m., a transit egress of its shadow at Ih. 10m. a.m., and
of the satellite itself at 2h. 28m. a.m. ; its occultation

reappearance at llh. 36m. p.m. On the 13th a transit

ingress of the shadow of the second satellite at 2h. 49m.
A.M., its egress at 5h. 23m. a.m., a transit ingress of the

satellite itself one minute later, and an occultation dis-

appearance of the third satellite at lOh. 17m. p.m. On
the 14th an occultation reappearance of the third satellite

at Ih. 4m. a.m. ; an eclipse disappearance of the second

satellite at 9h. 55m. 23s. p.m. On the 15th an eclipse

reappearance of the second satellite at Oh. 23m. 9s. a.m., its

occultation disappearance at Oh. 27m. a.m., and its occulta-

tion reappearance at 3h. 3m. a.m. On the 18th an eclipse

disappearance of the first satellite at 3h. 30m. 30s. a.m.

On the 19th a transit ingress of the shadow of the first

satellite at Oh. 48m. a.m., a transit ingress of the satellite

itself at 2h. 3m. a.m., a transit egress of its shadow at

3h. 4m. A.M., of the satelhte itself at 4h. 19m. a.m., and
its eclipse disappearance at 9h. 58m. 51s. p.m. On the

20th an occultation reappearance of the first satellite at

]h. 27m. A.M., a transit ingress of the shadow of the

second satellite at oh. 24m. a.m., a transit egress of the

shadow of the first satellite at 9h. 32m. p.m., and its

transit egress at lOh. 46m. p.m. ; an eclipse reappearance

of the third satellite at llh. 42m. 5.")S. p.m. On the 21st

an occultation disappearance of the third satellite at

2h. 3m. A.M., and its reappearance at 4h. 51m. a.m. On
the 22nd an eclipse disappearance of the second satellite at

Oh. 31m. 4s. A.M., and its occultation reappearance at

5h. 32m. A.M. On the 23rd a transit egress of the shadow
of the second satellite at 9h. 15m. p.m., and a transit egress

of the satellite itself at llh. 42m. p.m. On the 25th an
eclipse disappearance of the first satellite at 5h. 24m. Is.

A.M. On the 26th a transit ingress of the shadow of the

first satellite at 2h. 42m. a.m., of the satellite itself at

3h. 53m. A.M., a transit egress of its shadow at 4h. 58m.
A.M., and an eclipse disappearance of the satellite at

llh. 52m. 23s. p.m. On the 27th an occultation re-

appearance of the first satellite at 3h. 16m. a..m., a transit

infjress of its shadow at 9h. 10m. p m., a transit ingress of

the satellite itself at lOh. 20m. p.m., and a transit egress

of its shadow at llh. 26m. p.m. On thg 28th a transit

egress of the first satellite at Oh. 36m. a.m., an eclipse dis-

appearance of the third satellite at Ih. 11m. 36s. a.m., its

eclipse reappearance at 3h. 42m. 52s. a.m., its occultation

disappearance at 5h. 45m. a.m.; an occultation reappearance

of the first satellite at 9h. 43m. p.m. On the 29th an
eclipse disappearance of the second satellite at 3h. 6m. 39s.

A.M. On the 30th a transit ingress of the shadow of the

second satellite at 9h. 16m. p.m., a transit ingress of the

second satelhte at llh. 30m. p.m., a transit egress of its

shadow at llh. 50m. p.m. On the 31st a transit egress of

the second satellite at 2h. 7m. A.m., and a transit egress

of the third satellite at lOh. 33m. p.m. The following

are the times of superior and inferior conjunctions of the

fourth satellite with the centre of the planet :—Superior,

October 9th, Ih. 36m. p.m. ; October 26th, 6h. 30m. a.m.

Inferior, October 17th, lOh. 34m. p.m.

Both Saturn and I'ranus are invisible.

Neptune is an evening star, and is becoming well

situated for observation. He rises on the 1st at 8h. 14m.
P.M., with a northern declination of 21^ 12', and an

apparent diameter of 2-6 ". On the 31st he rises at 6h. 13ni

.

P.M., with a northern declination of 21" 8', and an apparent

diameter of 2-7". During October he pursues a retrograde

path in Taurus, being very near the 4| magnitude star

( Taun during the whole of the month. A map of the

stars near his path will be found in the KniiUsli Mechanic

for September 7th, 1894.

October is a fairly favourable month for showers or

shooting stars, the most marked display being that of the

Orionids on the 18tlj, the radiant point being in VI. h. 8m.

R.A., and + 15°.

The Moon enters her first quarter at 7h. Im. p..m. on the

6th; is fuU at 6h. 41m. p.m. on the 14th ; enters her last

quarter at 6h. 56m. p.m. on the 21st ; and is new at

5h. 57m. P.M. on the 28th. She is in apogee at 2h. a.m.

on the 8th (distance from the earth 251,320 miles), and

in perigee at Ih. p.m. on the 22nd (distance from the
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earth 229,260 miles). At 6h. 8m. p.m. on October 7th

the 5th magnitude star A Sagittarii will disappear at an

angle of 1°, and reappear at 7h. Im. p.ji. at an angle of

323°. At 7h. 14m. p.m. on the lOtb the 6th magnitude

star .50 Aquarii will disappear at an angle of 80°, and

reappear at 8h. 25m. p.m. at an angle of 264°
; and at

llh. 11m. P.M. the 6i magnitude star B.A.C. 7H35 will

disappear at an angle of 102°, and reappear at llh. 58m.

P.M. at an angle of 186°. At 2h. 45m. a.m. on the 15th

the 6th magnitude star it Piseium will disappear at an

angle of 36°, and reappear at 3h. 47m. a.m at an angle

of 266°; and at 5h. 5Bm. p.m. the 6th magnitude star

19 Arietis will disappear at an angle of 113\ and reappear

at 6h. 27m. p.m. at an angle of 193°. At 4h. 13m. x.si. on

the 16th the 6th magnitude star 27 Arietis will disappear

at an angle of 115°, and reappear at 4h. 58m. a.m. at

an angle of 202°. At 5h. 27m. a.m. on the 17th the

6i magnitude star 66 Arietis will disappear at an angle of

73°, and reappear at 6h. 31m. a.m. at an angle of 260°.

At 3h. 5m. a.m. on the 18th the 5i magnitude star y} Tauri

will make a near approach at an angle of 165°. At

Ob. 34m. A.M. on the 18th the 6^ magnitude star B.A.C.

1648 will disappear at an angle of 45°, and reappear at

lb. 33m. A.M. at an angle of 289°. At 5h. 15m. a.m. on

the 20th the 5^ magnitude star 59 Aurigs will disappear at

an angle of 93", and reappear at 6h. 29m. a.m. at an angle

of 282°.

<!^C9S Column.
By 0. D. LooooK, B.A.Oxen.

CoMMTJNiOATioNs for tMs columii should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

Solutions of September Probhms (F. H. Guest).

No. 1.—B to Q7.

Solved also by 1. K to Kt5.

Correct Solutions received from Chat and Crossgar

(both solutions) ; J. E. Gore, W. H. Skelton, H. S.

Brandreth, W. Willby.

No. 2.—Kt to Kt6.

Correct Solution received from Chat, W. Willby.

Additional solution of -July Problem No. 1 received

from E. Boustead.

W. H. Skeltoti.—In No. 2, after 1. B to Kt3, P to Kt5,

2. Kt to K6ch, K to B 3, there is no mate.

A. (t. Fellows.—The family success in Boys Tournament
is remarkable. We shall be glad to receive the problem

composed with the Knowledge Prize set of men.

J. E. (rorc.—Probably the diagrams you require could

be obtained from the British Chess Company, 247, High
Holborn. They usually cost about Is. a hundred. Your
last two problems sulier from the same evils of over-

crowding and want of economy. No. 1 is quite spoilt by

the ilouhli' threat, which is only allowable when Black is

compelled to avoid one of the threatened mates. The mates
in tills are also of little beauty, and some of the Pawns
unnecessary. The other has two good mates with the

Queen, but the problem would be much improved if you

could abolish the Black Queen with its attendant Pawns,

and also the Pawn at K7. It is not a bad plan for inex-

perienced composers to limit themselves to twelve or, at

any rate, sixteen pieces. The best problems seldom have

more.
ir. Willby.—The key is still weak, in that it moves a

piece which is en prise, thereby depriving the Black King

of half his liberty. Moreover, there is a bad dual after

1. . . P to K6, and also after several moves of the Black

Queen. This last piece should be got rid of, as it leads to

no fresh mate. It should be possible to get the four

variations which you aim at by employing ten or, at most,

twelve pieces.

R. Kelh/.—Thanks for the problems. We shall be glad

to insert the block problem in the November number. The
three threat problems do not seem very happily constructed

as regards economy of force. Many of the pieces do

scarcely any work.

PROBLEM.
By B. G. Laws.

Black (5).

a^^'mm^-mm. mm, wb-%

Sp P^'P^^P

White (8).

White mates in three moves.

CONDITIONAL PROBLEM.
By W. De Morgan.

Black (5).

White (7).

White mates in three moves.

[On condition that when a Rook moves it becomes a

Knight, and rice rersa.\

The following game was played in the fifth round of the

Leipsic International Tournament, between M. -Janowsky,

of Paris, and Mr. R. Teichmann, of London.

"French Defence."
Whitb Black

(M. .lanowskr). (Mr. Teichmann).

1. P to K'4 1. Pto K3
2. P to Q4 2. P to Q4
3. Kt to QB3 3. Kt to KB3
4. B to Kt5 4. B to K2
5. P to K5 5. KKt to Q2
6. BxB 6. QxB
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7. Kt to QKt5 (a)

8. P to QB3 (c)

9. Kt to QE3
10. P to KB4
11. Kt to KB3
12. Kt to QB2
18. B to K2 (,')

14. Castles

15. Kt to K3
16. Q to Q2 (//)

17. B to Qsq
18. B to B2
19. P to QR3 (/t)

20. PxP
21. PtoKKt4!
22. Q to Kt2
23. Kt to KKtS
24. R to B3
25. E to QKtsq (

/)

26. PxP
27. R to KKt3
28. R to KR3
29. K to Rsq
30. QR to KKtsq
31. KtxRP (/)

7. Q to Qsq (h)

8. P to QR8
9. P to QB4

10. Kt to QB3
11. P to B5 (d)

12. P to QKt4
13. P to gR4
14. Castles (

/')

15. Q to Kt3
16. P to KB4
17. P to Kt5
18. P to QR5
19. PxBP (•?)

20. Q to B2
21. P to KKt3
22. K to Rsq
23. Kt to QKt3 (0
24. Q to KKt2
26. R to QR3
26. KtPxP
27. Q to K2
28. R to KKtsq
29. R to KKt2
30. Q to KBsq (/,)

Resigns

Notes.

((() A move which has grown in favour of late years.

The old continuation was 7. Q to Q2, P to QR3 ; 8. Kt to

Qsq, in order to be able to meet 8 ... P to QB4 by 9.

P to QB3, the Knight ultimately finding a good square at

K3.

(/() 7. . . . Kt to KBsq is the usual and better move.

(() For now White should gain some advantage by
8. Q to KKt4. The omission of this move has been

frequently noticed in this column. When possible it is

nearly always a formidable move. In the present instance,

if met by 8. . . . Castles, 9. B to Q3 would give White
some attack ; while 8. ... P to KKt3, 9. P to KR4 (!),

would be good for White.

('/) The previous three moves on each side form the

usual stereotyped procedure ; here it is customary to play

11. . . . P to QKt4, followed perhaps by Q to Kt3,

thereby maintaining the pressure on the White QP.

{() Owing to his omission on the eighth move, White's

game is now rather cramped. If he play 13. P to QR4,
Black might simply take the P, in order to attack subse-

quently the weakened QKtP.

(/) It was not necessary to commit himself by castling

yet, as the King's Rook cannot bo utilized at present.

14. ... P to Kt5 seems preferable.

((/) Obviously if 16. P to B5, KKt xP. Hence Black's

last move—and his nest. White's next move is with a

view to B to B2 and ultimately P to KKt4.

(/i) White could not allow P to E6. Black's reply is

very weak. 19. . . . P to Kt6 would be both immediately

cramping and likely lo prove useful in an end-game.

With the White King out of reach there would be the

chance of sacrificing a piece for the QBP or QRP in order

to Queen the advanced KtP. As it is. White has his

Bishop left on an attacking square, and speedily gets the

belter of the game.

(j) Apparently best. 23. . . . Kt to Qsq would give

White too many sacrificial opportunities shortly. On his

next move R to R2 seems more to the point.

(./) Finely played. He cleverly renders Black's (,)R

inactive before proceeding to demolish him.

(If) There seems to be no defence. If, for instance,

30. K to Ktsq, R x RP wins.

(l) Prettily played. If now 31. . . . RxQ, 82. Kt to

B6ch leads to a speedy mate, or if 31. . . . RxKt,
32. R X Rch, K X R

; Q to Kt6oh, etc. M. Jauowsky
played the ending with his customary vigour.

CHESS INTELLIGENCE.

The International Tournament of the German Chess
Association, held this year at Leipsic, was brought to a

conclusion on September 15th. The result was a victor}-

for Dr. Tarrasch, who thus won his fourth consecutive

International Tourney, but this time only by the narrow
majority of half a point. He lost games to Blackburne,
to Mieses, through a blunder, and, apparently, also to

Lipke in the last round. The prize-wmners were :— 1.

Tarrasch (Niiremburg), 13i ; 2. Lipke (Berlin), 13; 3.

Teichmann (London), 12^; 4. Blackburne (London) and
Walbrodt (Berlin), Hi ; 6. Marco (Vienna) and Janowsky
(Paris), lOi. The remaining competitors came out in the

following order;—Berger, Shiffers, Schlechter, Mieses,

Baird, Siichting, Zinkl, Weydlich, Mason, Seuft'ert and
V. Scheve (retired). Mr. Mason's performance is most
disappointing. On the other hand, Mr. Blackburne
played well after a bad start, while M. Teichmann by his

excellent performance showed that his two consecutive

victories in the Divan Tournaments represent his true

form. In the absence of Lasker, Tschigorin, Gunsberg,
Bardeleben, Makovez, Winawer and others, the com-
petitors cannot, of course, be regarded as representative

of the cbess talent of Europe. Still, the winner has
maintained his reputation, and Lipke, Teichmann and
Janowsky have certainly increased theirs. As at Dresden,
Walbrodt and Marco were extremely difficult to beat,

while Berger was as usual generally both willing and able

to draw.
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THE HOME OF THE RODENTS.

By E. Lydekker, B.A.Cantab., F.K.S.

RANGING over all the continents and most of the

islands of the globe, and being represented even
in marsupial-inhabited Australia, the rodents, or

gnawing mammals, form such a thoroughly
cosmopolitan group that it seems, at first sight,

almost illogical to speak of one country more than another

as being their home. Nevertheless, in the course of the

present article we hope to be able to convince the reader

that South America—whether we take into consideration

the tropical forests of Brazil, the grassy plains of Argentina,

or the desert wastes of Patagonia—has an undoubted claim

to the title in question. We may add, however, that under
the name South America we include both Central America
and the West Indies, the whole of which form one zoological

province.

In a previous article we have liad occasion to allude to

the chief peculiarities of the fauna of South America,
and it was there stated that among the most characteristic

forms of mammals were edentates, opossums, marmosets,
and the New World monkeys, together with numerous
rodents. It did not, however, come within the province

of that article to take the latter group into detailed con-

sideration, but as this is a subject of much interest from a

distributional point of \-iew, it may well form the theme
of a separate essay. Probably the majority of our readers

know what is meant by a rodent, or gnawing mammal

;

but should there be some among them whose ideas are

somewhat hazy on this subject, it is to be hoped that their

more learned brethren will pardon a few words in regard

to the characteristics of the creatures in question.

As common and well-known examples of the rodent order

we may cite squirrels, dormice, marmots, beavers, rats,

voles, porcupines, and hares and rabbits, all of which are

characterized by possessing a pair of chisel-shaped teeth

in the front of each jaw, which are worn by use into a

shai-p, cutting, transverse ridge, and grow continuously

throughout the life of their owners. It is with these i

chisel-like front or incisor teeth that the rodents perform
;

that gnawing action (so markedly developed in the beavers

and porcupines) from which they derive their name ; and
it is owing to the circumstance that the front of each tooth

is faced with a plate of hard enamel, while the remainder
consists of soft ivory, that these beautiful instruments

mamtain their cutting edges. These two pairs of front

teeth are absolutely characteristic of all rodents, and in

by far the greater majority of the order there are no other

teeth in this regiea of the jaw. As if, however, for the

purpose of hinting to us how these animals were originally

related to mammals.provided with a fuller set of teeth, the

hares and rabbits, together with their near allies the picas

or tailless hares, have a minute pair of somewhat similar,

teeth placed immediately behind the large pair in the upper

jaw. Being perfectly useless to their owners, this second

pair of upper front teeth evidently comes under the

category of rudimental or vestigiary structures. Behind
the front teeth of all rodents comes a long gap in each jaw,

after which we reach the series of grinding or cheek-teeth,

which are never more than six in number, and are

frequently reduced to four, or even three. Consequently,

no member of the order ever has tusks or canine teeth.

Were it not that there are two groups of animals with a

dentition of a simUar type, these pecuUarities in the teeth

would absolutely distinguish rodents from all other

members of the mammalian class. Of the groups in

question, the one contains the wombats of Australia, which

are broadly distinguished by the presence of a pouch for

the young, while the second gi-oup is represented solely by

the curious aye-aye of Madagascar, which agrees in its

internal anatomy with the lemurs, and is accordingly

assigned by naturaUsts to that group. With these

exceptions, the dentition is absolutely characteristic of the

rodent order ; and as the reader is not likely to confound

with them either of the creatures named, he may rely on

the nature of the teeth in identifying the members of the

order under consideration.

Ha^^ng thus settled what constitutes a rodent, our next

point is the classification of the order ; for until we gain

some insight into this, it is quite impossible to imderstand

the especial richness of South America in regard to these

animals. Eodents, then, are divided by naturaHsts into

seventeen families, several of which are brigaded together

into a smaU number of larger groups. Of these groups,

the first is the squirrel-like rodents, which includes the

four famihes of the African flying squirrels {Anomaluridw),

the squirrels and • marmots {Scmrvlm), the seweUels

(Haplodontiihr), and the beavers {Castorida). Now, of

these four famihes, the only one occurring in South
America is the second, and its representatives there are

merely certain species of squirrels, which, moreover, do not

range south of Paraguay ; the whole of the marmots,
prairie-dogs, susliks, chipmunks, etc., being totally imknown
south of the Isthmus of Darien.

The second gi-eat group of the order, known as the

mouse-like rodents, includes five families—namely, the
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dormice {Mijoxidae), the jumping mice and jerboas

{Dipodid(e), the whole great mouse-tribe (Murula-), a.s

represented by mice, rats, voles, hamsters, and their kin ;

the mole-rats' (Spalacidre), and the American pouched

Fig-. 1. -Upper Surface of the Lower Jaw of the Coypu, to

chisel-like front teeth and the grinding molars.

rats {Geomyidce). Of these, the only one represented in

South America is the cosmopolitan mouse family. In this

group, however, the true rats and mice of the Old World
are totally wanting (except through involuntary intro-

duction by man) as indeed they are throughout the New
World ; their place being taken by the white-footed mice,

common both to North and South America, and nearly

allied to the hamsters. In addition to these, there are a few
genera belonging to the family which are quite peculiar to

South America, one of the best known of these being the

groove-toothed mice {Fhithrodon), a representative of which
extends as far south as Tierra del Fuego.
By this time the reader wUl probably begin to think

that, instead of South America being the home of the

rodents, it is precisely^ the country where those animals
are rarest, seeing that out of the nine families noticed

above only two are represented there at all, and both of

these somewhat poorly. His opinion will, however, at

once change when we have considered the third great group
of the order, which may be known as the porcupine-like

rodents. The members of this group are readily dis-

tinguished from those of both the preceding sections by
the structure of the lower jaw, although this difference

can, of course, only be seen in the skeleton. Whereas in

both the squirrel-like and mouse-like sections the hinder

lower projection of the lower jaw, technically known as

the angle, takes its origin from the inferior edge of the

socket for the lower chisel-Uke teeth, m the present group

the same projection arises from a prominent ridge

running along the side of the jaw itself, as shown
in Fig. 1. Of the six families into which the

porcupine-like rodents are di%nded, four are ex-

clusively confined to South America, while the fifth

(OctdJi intidcr) is ma.m\j South American and West
Indian, although with a few representatives in

Africa south of the Sahara desert. On the other

hand, the porcupine family {Hystricidce) is almost

cosmopolitan, although the American representatives

are so distinct from their Old World allies as to form

a separate sub-family ; while of the three genera

constituting the latter, one is North American, and

the others are mainly South American, although one

has a single species ranging as far north as Mexico.

Of the last group of the order, namely, the hare-

like rodents, as represented by the hares and rabbits

(Lcporidie) and the picas iLaijomi/ida'), we have but

little to say, seeing that its occurrence in South

America is limited to two species of hares.

It will thus be seen that, out of a total of seven-

teen families, nine are represented in South America

;

and of these nine, four are absolutely peculiar to

that country and the adjacent islands and isthmus,

while a fifth has representatives elsewhere only in

Africa, and a sixth (the porcupines) has two genera

which are practically only South American, and
are distinguished from all their allies by their

prehensile tails. The significance of these remark-

able facts in geographical distribution will be made
apparent when we state that, of the other great

zoological regions into which the globe has been

mapped out, there are only two which have any
families of rodents peculiar to them, the maximum
number of such peculiar families being two. Thus
Africa south of the Sahara, constituting the

lilthiopian region of zoologists, has the African flying

squirrels, which are nearly allied to the true

squirrels, and are represented only by a single

genus, with a comparatively small number of species

;

while North America, or the Nearctic region,

has the sewellels, with one genus, and the pouched rats,

with five.

Before entering on the significance of these facts, we
must devote a short space to the consideration of some of

the more remarkable of the South American types of

porcupine-like rodents, by which aloue the reader will be

enabled to appreciate their peculiarities and numbers.

Commencing with those families which are confined to the

Neotropical region, as zoologists term South America,

together with Central America and the West Indies, we
have first of all the caries {Cai-iidce), which are heavily-

built rodents, with four front and three hind toes, rudi-

mental or short tails, and the molars divided by transverse

folds of enamel into a number of thin plates lying parallel

to one another, after the fashion shown in Fig. 2.

The typical representatives of the family are the true

cavies (Curia), of which the guinea-pig is a domesticated

descendant, having assumed a coloration quite different

from the uniform oUve-brown tint characteristic of its wild

ancestors. Quizos, as these animals are called in the

Argentine, may be found not only among aquatic plants

in marshy districts, and skulking in the tufts of coarse

grass on the pampas, but in the neighbourhood of human
habitations will not unfrequently take up their residence

ihovr the
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under the floors of out-buildings, whence they issue forth

to feed at night. All the true cavies are small and short-

legged creatures ; but the Patagonian cavy, representing

the genus Dolichotis, is a much larger and taller animal,

measuring nearly a yard in length, and standing over a

foot at the shoulder. An inhabitant of the open districts

of Patagonia and Argentina, the mara, as it is called by
the natives, much resembles a hare in its movements.
Unfortunately, the spread of cultivation has well-nigh

exterminated this handsome rodent from most parts of the

Argentine. Largest, not only among South American
rodents, but likewise in the entire order, is the aquatic

carpincho or capivara {ILjdrochi'rus), attaining a length of

upwards of four feet. The most remarkable peculiarity of

this animal is the large size and complex structure of the

last molar tooth, which in the upper jaw may have as

many as twelve plates, and is comparable in structure to

the corresponding tooth of the Indian elephant. The
carpincho is an inhabitant of the more tropical districts,

not extending southwards of Uruguay. Nearly allied are

the agutis [1 kisijprocta) and pacas [Ccdotjenys), collectively

constituting the family Dasiz/iroctida, which differ from
the cavies in that the folds of enamel only form notches

on the sides of the crowns of the cheek-teeth. The agutis

are rather delicately-built animals, ranging fi'om the con-

fines of Mexico to Paraguay, and represented by an outlying

species in the West Indies. The pacas, with nearly the

same distribution, are, on the other hand, much larger

and more heavily-built animals, characterized by the longi-

tudinal rows of light-coloured spots on the fur, and the

large bony capsules formed by the expanded cheek-bones.

Another family

(Chiwhilllda) is

represented by

the beautiful
little chinchillas

{ChinchUhi) of

the Andes, so

esteemed on ac-

count of the
marvellous soft-

ness of their

pearly grey fur
;

by the much
larger Cuvier's

chinchilla {La<ii-

diuin), which is

also an inhabit-

ant of the Andes;
and likewise by
the well-known
viscacha

(
Laiins-

tomus) which
lives in warrens
in the Argentine

pampas, and is

remarkable for

the habit of col-

lecting all kinds

of odds and ends

round the en-

trance of its

burrows. From
the similarity of

its habits, the viscacha is commonly believed to be a near ally

of the marmot, with which, however, it has no close affinity.

All the members of the family have long, bushy tails, very

soft fur, elongated hind limbs, and the molar teeth divided

by comple+e transverse folds of enamel into plates, as shown

1
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intimate relationship between the faunas of all the southern
continents, and their isolation from those of the northern
half of the world.

KoTE.— In the September number of Knowledge, two wood-cuts
illustrating Mr. Lvdekker's paper on "The Ajieient Mammals of
Britain" hare been transposed. Fig, 1 should be "last upper molar
tooth of the Uyfenarctus," and Fig. 2 should be "right upper molar
tooth of Steno's Horse."

THE BACTERIA OF PHOSPHORESCENCE.
By C. A. Mitchell, B.A.Oxon.

THAT the flesh of certain animals, especially marine
fishes, could often exhibit the phenomenon of
spontaneous light was noticed as long ago as the
days of Aristotle, but it is only within the present
generation that the true cause has been made

known.
In 1676, a Dr. Beale, of Yeavil, in Staffordshire, pub-

lished in the Philosophical Transactions of the Royal Society
a curious instance of the kind, and mentioned as" a possible
explanation that the stars were exceedingly bright on that
night, and the weather warm and gentle. A woman of
that town had bought a neck of veal, which seemed perfectly
good in every respect. On the following evening, about
nine o'clock, the neck of veal " shined so brightly that it

did put the woman into great affrightment." She roused
her husband, and he seeing whence the light proceeded
endeavoured to extinguish it by beating the veal, and
eventually plunging it below water ; but in vain. At last
he found he could extinguish the light by wiping the meat
with a cloth. The next day the jouit was cooked, and
certain neighbours who had seen it giving light were
invited to partake of it. All esteemed it as good as any
they had eaten.

Many simOar cases of meat becoming phosphorescent
are on record. In 1492 it was a frequent occurrence in
Padua, and during the early years of last century it became
so prevalent in Orleans that several butchers were almost
ruined, since their customers considered such meat unfit
for food, and much of it was thrown into the river.*
Coming to the present day, Nuesch describes how the
whole of the meat in a butcher's shop became luminous in
one night.

The first recorded experiments to determine the cause
of such cases were made by Dr. Hulme in 1800, and from
his results he was led to conclude :

—

1. That putrefaction was not the cause, for as decay
advanced the light gradually decreased. Moreover, in the
case of phosphorescent meat there was no offensive smell.

2. That spontaneous light was a constitutional principle
of some bodies, incorporated with their whole substance
just as any other principle, and that it was probably the
first principle that escaped after the death of marine fishes.

This plausible solution has since been displaced by the
discovery that bacteria were invariably present in phos-
phorescent sea-water and on phosphorescent meat, and that
directly or indirectly the light was due to their agency.

Bacteria is the generic term applied to certain low forms
of vegetable life. They multiply by dividing up or "fission,"
and some also by the formation of spores. The ijeasts,

which increase by budding, are accordmgly not bacteria,
though they are sometimes classed with them. Bacteria
are classified in two main groups .—Coccacco' or spherical
forms, and Bacteriacea or rod-shaped forms. To the latter
belong the bacteria proper, straight rod forms in which

* " Lemery of Chvmistrv," 1720.

spore formation is not known to occur ; the bacilli, straight
rod forms which form spores ; and the spirilla, twisted
forms not forming spores.

An artificial growth of these on nutrient gelatine, or
some other suitable medium, is called a colony, and consists
of a mass of the organisms. The appearance of the colony,
which is often characteristic, is of importance in identifying
the species of micro-organism of which it is composed.

At least six species of light-producing micro-organisms
have been described, each having different properties by
which they may be distinguished from one another. They
all belong to the bacteria proper, though, from their length
and breadth being often nearly the same, they have
occasionally been described as members of the Coccacece.

They fall naturally into two groups, of which the first

includes the four following species ;—(1 1 Bacterium phus-

phoresccm, a motile organism pretty widely distributed
;

its average size is 1-7 /xf long by 1-5 ju. in breadth; (2)
Bacterium Pfliigeri, an organism about the same size as
the preceding. It has rounded ends, and dividing rapidly,

the cells usually appear almost round. It is the usual
cause of the phosphorescence often observed on herrings
and mackerel. (3) Bacterium Fischeri, and (4) Bacterium
halticum, two species of similar size and form. They do
not cause any fermentation as the first two do. All these
may be grown on nutrient gelatine without causing it to

become liquid ; but for their successful cultivation they
require the presence of the albuminoid substance peptone,

and another carbon compound, such as glycerine or glucose.

In the second group are (1) Bacterium imlicum, a
motile rod of medium size, found in West Indian waters,
and (2) Bacterium luminosum, the cells of which are

shorter than those of the preceding bacterium. It occurs
in the waters of the North Sea. These two species are
able to flourish on peptone alone, and cause rapid liquefaction

when grown on nutrient gelatine.

With regard to the conditions under which these various,

micro-organisms can produce light, it has been found that

temperature has a good deal of influence. According to

Ludwig, a piece of meat remained luminous as low as
- 14°. J Heated gently in a tube over a water-bath it was
still phosphorescent at 30°, but at 40° had ceased to emit
light. Bacterium phosphorescens thrives best between 15°

and 25°, but Tilanus and Forster proved that it could live

below zero. When kept at 35° for a few minutes its

luminosity disappeared, but on cooling returned. If, how-
ever, it was kept at that temperature for fifteen minutes
its power of producing light was permanently lost.

The other organisms show a difference in this respect.

B. i-^sr/icri' gives no light at a temperature above 25^, while

B. indicum, which thrives best at 80°, cannot grow
below 15°. B. luminosum, on the other hand, is most
luminous at 15°.

There is also a difference in the character and intensity

of the light produced by the various species. B. phos-

phorescens gives out a greenish-yellow light, while that

produced by B. PrUhjeri is bluish-white and far more
intense. By exposing a sensitive plate in an otherwise

completely dark room, Forster succeeded in obtaining a

photograph of a colony of this species by means of its own
light. Fischer was able to do the same with colonies of

B. indicum. It is, therefore, not surprising to learn that

Ludwig,. who examined spectroscopically the light produced

by B. PfliJgeri, obtained a spectrum rich in violet rays.

t 1 '' = Too^oootli part of a metre = -j^^th of an inch.

J All the degrees of temperature are on the Centigrade scale. To
convert into Fahrenheit, midtiplv the number of degrees by 1'8, and
add 32 to the product.
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'' As to the manner in which the bacteria produce the

light, there is still much research needed. As Hulme
found in 1800 (and his observation has since been repeatedly

confirmed) putrefaction does not assist phosphorescence.

The light-producing bacteria are unable to do their work
in a substance on which the putrefactive organisms are

growing, and as soon as decay ia fairly advanced the light

altogether ceases.

The presence of oxygen appears to be an essential, for

colonies wiU only give light on the surface of the culture

medium, where they can have free contact with the

atmospheric oxygen. This gas, however, is not essential

for the hfe of the bacteria. They will grow in an
atmosphere of hydrogen or carbonic acid gas, but under

such conditions will not produce light.

Apparently it is not necessary for the colonies to be

grown in the light of the sun, for cultivations made in

complete darkness have been found to emit light as readily

as those grown in daylight.

It has been suggested by Lehmann and Tollhausen that

the light is produced by some molecular change within

the cells of the bacteria—a sort of vital process—and the

fact that all chemical reagents which destroy the proto-

plasm of the cell simultaneously stop the luminosity, lends

some support to this theory. Thus, mineral acids, alkalies,

and various disinfectants which are fatal to the bacteria,

effectually destroy the phosphorescence produced by them.
As was mentioned before, heat and cold have a similar

effect.

An equally plausible theory, however, is that just as

some bacteria produce ptomaines and albumoses, and
others colouring matter, so the light-producing bacteria

may produce substances with their molecules so arranged
that we have the phenomenon of phosphorescence. If

this be so, it is probable also that these products are

readily affected by heat and chemical agents, and that then

a fresh arrangement of the molecules takes place, and the

substances lose their luminous properties. The experiments
of Dubois '• on the luminous mollusc Pholas dactylus tend

by analogy to support this. From its luminous mantle he
extracted two phosphorescent crystalline substances, to

one of which he gave the name of huifcrase. It was to

these substances, which it secreted, he considered that the

fish owed its luminosity.

When it has been decided whether the bacteria are in

themselves phosphorescent, or whether they are so only
by virtue of their products, there will still remain the

further problem of the nature of the phosphorescence itself.

THE DADDY-LONGLEGS.
By E. A. BuTLEB, B.A., B.Sc.

THE advancing autumn has brought with it the usual

visitation of swarms of "daddy-longlegs," and it

will no doubt be acceptable to the readers of

Knowledge if we take the opportunity, while the

discomforts of the visitation are still fresh in the

mind, of setting before them an account of these fragile

but none the less troublesome insects. The chief cause

of the inconvenience to which they subject us in their

adult state is the awkward way in which they tumble
about, blundering up against us with the tickling sensation

of buzzing wings and straggling legs, or immolating them-
selves in the gas or lamp flame, and startlingly dropping
their singed and mutilated bodies on to the page which we

* Soc. de Bio., Comptes rendus, 1887.

may happen to be reading or writing. But, as we have

had occasion to remark before, it often happens that the

most harmful period of an insect's life is not that which
is most prominently before human eyes ; the greatest

damage wrought by an insect pest is often done in secret,

when the real cause of the injuries is generally unsuspected.

Such is the case with the insect now before us, for the

inconvenience caused during its period of publicity is as

nothing compared with the havoc wrought by it during its

earlier life of seclusion, when its aspect is so different

from that of the well-known " daddy " that none who
were not in the secret would suspect the identity of the

two insects.

The "daddy-longlegs" with which we are most familiar

is but one species of a large group, the family Tipulida,

and of one very extensive genus in that family, the typical

genus Tipula. Thus the name " daddy-longlegs " is,

strictly speaking, not a specific designation, but a general

term, and there are large numbers of insects to which it

may be, and is, equally appropriately applied. Still, it is

no doubt a single species which is usually understood by
the term—a greyish-brown fly, with semi-transparent wings,

the brown nervures of which stand out distinctly on the

lighter background. The thorax is hoary beneath, and
the six long legs are brown at the base and blackish

towards the tip. To this species the name Tipulu oleracea

has been given. The great length and slenderness of legs

in these creatures has recalled the corresponding feature

in wading birds, and has led to their getting the name of

"crane-flies." In France they are known as "tailors"

and " seamstresses." The great length of legs is not

altogether disproportionate ; it finds correlated characters

in the other parts of the body, and is no doubt of some
assistance to the insects in walking in the grassy places

that form their principal habitat.

We may now endeavour to get such an exact notion of

the form and structure of our crane-fly as will be obtained

by a close examination, assisted by the use of a hand-lens

of low power. The single pair of wings marks it out as a

dipterous insect, and we may at once notice that the wings
are usually carried, when at rest, not folded together oyer

the body, as would be the case with most flies, but widely

open and slightly elevated on each side, as though to be

ready for use at a moment's notice. Their extreme narrow-

ness at the base, as well as for some distance along their

length, is indicative of that feebleness of flight for which
the insects are noted—a feebleness which is, however,

perfectly compatible with a rapid and rattling vibration of

the wings.

If this wing be compared with that of a strong flier,

such as a bluebottle, a striking difference is seen. The
bluebottle's wing is furnished with a sort of extra flap of

membrane at its base, which, when the wing is extended,

fills up the space between its broader part and the body
;

while in the crane-fly this space is quite open and un-

occupied with membrane. This appendage to the true

wing is called the " alula " or winglet. Projecting from
the hinder part of the thorax into this open space is, on
each side, a deUoate little organ, the so-called "balancer,"

a sort of clubbed stalk, whose intimate structure is well

worth careful study. Now it is a curious fact that in the

two flies we have mentioned, these two parts, the winglets

and balancers, appear in inverse ratio of size. The strong

and vigorous bluebottle, which has a very large winglet of

most exquisite structure, has a completely insignificant

balancer, which requires close search to discover it at all

;

whereas the weakling crane-fly has no trace of a winglet,

but has proportionately the largest balancer that is to be

found amongst British Diptera. And this is only one
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illustration of the law of correlation of structures, of which

many others may be observed in the same two insects.

Consider, for example, the following details of symmetry
and contrast : in the vigorous and active bluebottle we
find a stout, heavy body, short legs, short, strong wings

with large alulas, a short compact head, insignificant

balancers, and a body beset with stout bristles. In the

fragile and weakly crane-fly all these points are reversed,

and we find a long, slender, light body, very long legs,

long narrow wings without alulfe, a long and tapering

head, large and conspicuous balancers, and a smooth and

bristleless body.

The shape of the thorax, strongly convex and hump-
backed above, is worthy of notice, as representing in an

almost exaggerated degree the general plan of dipterous

structure in that part of the body. Eemembering that

each of the three pairs of legs represents a separate division

or segment of the thorax, it will be comparatively easy to

trace the limits of these regions, by following the junctions

upwards from the points of attachment of the legs. It will

thus be seen that the prothorax, or first region, is reduced

to very small dimensions, forming no more than a sort of

collar, just behind the head. The metathorax, or third

division, a much larger mass, wUl be found behind ; but

when we have marked off these two parts, there still

remains the greater ijortion of the thoracic mass, which is

thus proved to belong to the second segment, or mesothorax.

If we bear in mind that this is the division which, in

insects generally, carries the fore wings, and that in flies

the fore wings are the only pair developed, the reason for

the great development of this part will be at once evident,

for within its cavity are stored the muscles that are instru-

mental in working the wings. There is one feature of the

mesothorax that is specially characteristic of the family

we are now considering, a trivial feature no doubt, but one

which is helpful in distinguishing Tiindida- from other

groups. Across the middle of the upper surface runs

a \'-shaped furrow, which is not to be found in other groups

of flies, for the rest of the order either have a smooth

surface here, or if a transverse impression is present, it is

incomplete and not V-shaped. At each side of the thorax

will be seen two narrow slits, one just above and behind

the insertion of the first pair of legs, and the other at the

base of the balancers. These are two of the spiracles, or

entrances to the breathing tubes, which, as with insects

generally, traverse all parts of the body and convey air to

the system at large.

The head (Fig. 1) is most peculiar in shape, being pro-

longed into a sort of beak. The basal part is almost

globular, and the compound eyes

occupy a large part of the surface

here. In life they are of a bright

green colour, a very pleasing relief

to the sombre tints of the rest of

the body ; unfortunately, however,
the colour is fleeting, and passes

away after death. At the end of

the beak are two jointed organs,

which, when not in use, are carried

bent back underneath the head

;

these are the maxillary palpi. The
upper part of the head carries the antennre, a pair of

long, jointed, tapering organs, with circles of delicate

bristles at the junctions of the joints. The form of the

antennno decides at once to which of the two great divisions

of flies the crane-fly belongs, viz., the Nemocera, or
" thread horns." This, again, is another respect in which
it difl'ers markedly from the bluebottle and other flies of

that robust type, which have short and most oddly-shaped

Fia.l.-Uead of Daddy,
longlcgs.

Fio. 2.—
Ovij^ositor
of I) a d d y-

loiifrU'gs.

antennre. It is hardly necessary to say that no biting

jaws exist in the perfect insect. No power of biting or

piercing is possessed by it, and hence its harmlessness in

this stage, whether to man, beast or plant.

The legs, as already mentioned, are exceedingly long

and slender, each of the divisions being elongated to a

considerable extent ; the tarsi, or feet, which are five-

jointed, with the joints diminishing in length as tbey

recede from the body, are even longer than the tibise.

They are not only long and slender, but also very fragile

and easily broken off, an accident to which
the insects are extremely liable, but at the

same time one which cannot be regarded as

of a serious character, for the loss of even

half the number of its legs does not prevent

the insect from going about its business as

though nothing had happened. Such losses

can hardly be attended with much pain, and
their chief influence would no doubt be felt

in the difliculties in steering during flight,

which would follow. Unlike crabs and
lobsters, the daddy-longlegs does not possess

the power of reproducing a lost limb, nor
indeed would the power be of any avail if

it existed, since the insect's adult life is

too short to allow time for any such restored limb to

grow.

The hinder part of the body difi'ers markedly in the two
sexes. In the male it is blunt and swollen, the enlarged

part containing a complex reproductive apparatus ; but in

the female, it tapers regularly to a hard and sharp point.

This acute tip (Fig. 2) is the hardest part of the body, and
necessarily so, as it has to do the hardest work, and indeed

the only serious work that devolves upon the fully-matured

insect. It constitutes an egg-laying instrument of superior

quality, and is composed of four pieces disposed in pairs.

On the upper side are two long and pointed pieces which
form the sharp tip, and are used as borers, and underneath

these is the other pair, considerably shorter, broader, and
blunter, their function being to guide the eggs in their

passage into the hole prepared for them by the pair of

borers. The whole apparatus, therefore, is something like

a combination of an auger and a spoon.

The eggs are small, shining black, and slightly curved.

When they are about to be laid, the mother insect behaves

in a most remarkable manner—in a manner, indeed, that

might have been thought impossible had it not been

actually witnessed. It will be remembered that in those

animals in which a distinct longitudinal axis of the body

can be traced—such, for example, as vertebrates and
arthropods—-the almost universal position of that axis is

horizontal, the chief exceptions being man and birds, whose
use of only one pair of limbs in walking throws their axis

into an erect or sloping position. So in insects and other

arthropods, as the bipedal arrangement does not exist, one

naturally expects to find the axis of the body placed

horizontally when the animal is walking over a level

surface, and in fact it is a most exceptional circumstance

that any other disposition should occur. When, therefore,

it turns out that the female daddy-longlegs, on its egg-

laying expedition, actually struts about on its hind legs

with its body placed in a perfectly erect position (Fig. H),

it will be admitted that we are justified in considering

this most extraordinary behaviour. Considering the struc-

ture of the legs, however, it is evident that the proper

balancing of the creature, if it had to depend on its hind

legs only, would be a somewhat nice operation, and hence

the pointed abdomen is requisitioned as an auxiliary, and

is used as a third prop. Most ludicrous is the sight as
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the insect, rearing itself perfectly erect, and flourishing

its four front legs in the air, goes hobbling along on its tripod,

prodding its pointed body into the ground at every step,

while the legs bend like springs as it does so. Such a sight

may often be seen in the proper season on damp grassy

spots where the insects are plentiful, and they may be

watched with ease, for there is no fear of their shyly

retiring from observation, since they are far too intent on
their work to notice the presence of an intruder.

When a suitable spot has been found, the ovipositor is

plunged into the ground and kept there while several eggs

FiCr. 3.—Attitude of female Daddv-loiiglegs, wlien ou an
egg-laying expedition.

are passed down into the hole. Sometimes, however, they
are laid amongst the grass or leafage close to the surface

of the ground, instead of being buried. As many as three

hundred eggs may be produced altogether by a single

female, but they are not all laid in the same spot, and it is

difficult to say what determines the number to be included
in a single set, unless it be the proportionate abundance
of food. The difi'erent groups, however, are often laid

tolerably close together, and in bad visitations this is

necessarily the case. Kirby and Spence record an instance

in which the immense number of two hundred and ten

grubs were found in a square foot of turf during a terrible

plague of them in Holderness in the year 1818.

From the black eggs are hatched thick, greyish, footless

grubs, with an extremely tough skin. They are generally

known to gardeners as "leather-jackets," or simply as
" the grub." They are soft and flexible, but so tough that

it is difficult to damage them by any means short of

absolutely cutting the body in two or tearing it to pieces.

This feature they possess in common with another sub-

terranean grub, which the reader will be careful not to

confound with the " leather-jacket," viz., the celebrated

wireworm, or grub of skipjack beetles ; this creature

differs in being thin, hard, inflexible, and of a yellow

colour. Though the " leather-jacket's " head is large, it is

not generally seen, as it is almost entirely imbedded in

the following segment. It is furnished with powerful jaws
which arc forked at the tip. The entrances to the breathing

tubes are reduced to two openings placed at the tail end of

the body ; here are also some pointed hooks, which, like

the head, are usually withdrawn within the adjoining

segment when not in use. They are of assistance when
the grub works its way through the soil.

This wretched grub is subterranean in- habits, and if it

does chance to come to the surface, it is only in the night
time, or under the shelter of some friendly stone or pile of

dead leaves. Its business underground is to devour the

roots of plants, and this business it discharges most
efl'ectually. It possibly does damage also by loosening

the soil round the roots as it works its way about. Its

diet certainly seems to suit it well, for it is usually found
in a very fat and flourishing condition. Its principal food

appears to be the roots of grasses, but it is by no means
confined to these. I have found it very destructive to

certain garden plants, especially to blue lobelias used as

an edging. Shortly after the young seedlings have been
bedded out, they begin to look unhealthy and droop and
wither. Frequently also the previously erect stems
fall into a sloping position and wither away. On re-

moving the soil from the base of the plant to investigate

the cause of its drooping condition, a fat " leather-jacket
"

is found in the centre, just where the rootlets ought
to be ; the tenderer portions of these have all disap-

peared, and only the tougher and older parts are left,

while many of the stems are seen to be gnawed round
or cut completely through at the base, thus explaining

their prostrate position and withered appearance. In such
cases, unfortunately, one does not discover the enemy till

the mischief has been done, and it is too late to save the

plant. Of course, such damage is the more likely to occur
where the bed is bordered by a grass plot.

This destructive work is carried on by the grubs more
or less continuously during the summer months, from May
to July, and sometimes they may be found at work even
as early as February. During this time, far more than
what is actually devoured is caused to perish through the

removal of the roots. But it is only fair to remark that

some slight plea of defence may be advanced, which will

perhaps serve to take the edge ofl' the charge of wholesale

destructiveness which must otherwise be made. In eating

the roots, the grubs inevitably swallow a good deal of earth,

and, in fact, to such an extent is this the case, that so

careful an observer as Eeaumur thought they lived upon
this rather than upon roots ; hence they may perform to

some slight extent a service similar to that carried out by
worms, in the passing of earth through their bodies.

Towards the end of summer the grub becomes a chrysalis

while still buried in the soil. It now appears as a long,

brown, narrow object, which shows indications of the parts

of the future fly. The legs are present, but bent up at

what will ultimately be their joints, in three parts, which
lie parallel to one another on the under side of the head
and thorax. The thigh points towards the tail, then the

shank is bent back upon this, and finally the tarsus, or

foot, points again in the direction of the tail. By this

arrangement all the tarsi are made to lie on the outer side

and to terminate at about the same level. Of course, these

legs, being enclosed within the membranous skin of the

pupa, are quite useless for purposes of locomotion.

When the fly is fully formed and ready to make its

appearance in the air, the chrysalis works itself up through
the soil to the surface by means of certain spines on the

abdomen, which point outwards and slightly backwards.
Using these somewhat as climbing irons and props, it

works its way upwards step by step until all the fore part

of the body is above ground. Its legs are now free from
the soil, and when drawn out of their sheath, after the

splitting of the skin, can be used to assist in extricating

the body. But in order to give purchase to the struggling

insect in its endeavours to get free from its case, the lower

part of the chrysalis remains imbedded in the ground, and
the body is withdrawn from the shell, which is left
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Fio. 4.—Pupa of

Daddy-longlegs, with
upper pai't projecting

above ground.

projecting half-way out of the soil (Fig. 4). These empty

cases may often be seen at the right season, still stand-

ing upright in the holes, as silent witnesses to past

resurrections. The newly-extricated fly is at first soft,

but soon hardens by exposure to the air, and proceeds

to its appointed task—the perpetuation of its kind.

The breathing arrangements of the

pupa are as peculiar as those of the

larva. We have already mentioned

that the spiracles of the larva are

reduced to a single pair, which are to

be found on the last segment of the

body. Similarly, the pupa has but two,

but these are at the opposite extremity

—a very desirable arrangement, as this

is the part that is uppermost, and
therefore nearest the air, when the

insect works its way to the surface.

They form two horn-like prominences,

which project considerably from the

head. Thus, in the daddy-longlegs,

the same restriction and reversal of

respiratory structure takes place as

in the aquatic larva and pupa of the common gnat.

As these insects are so destructive, an important question

arises as to the best means of reducing their numbers and
checking their ravages. As damp soils, with plenty of loose

straggling vegetation, especially grasses, are particularly

favourable to their multiplication, it is evident that drainage

and the clearance of weeds are two of the most important

means of prevention. Untidy, shady corners will often

harbour scores of specimens, while on open and cleared

spaces in the immediate vicinity they may be sought for in

vain. Tbe larger insectivorous birds are certainly of great

service in clearing the soil of the " grub "; indeed, accord-

ing to the belief of Mr. Verrall, the English dipterologist,

rooks are by far the best remedy. But perhaps we
cannot do better than refer those who are practically

interested in the matter to Miss E. A. Ormerod's " Manual
of Injurious Insects," where they will find variety enough
to make a choice rather embarrassing, since most of

the remedies suggested have been found useful on
occasion.

But we must caution our readers against putting too

much faith in specific remedies, or expecting too much of

them, since it is extremely difficult, if not impossible, to

obtain an " infallible cure " for insect depredations of any
kind. The circumstances of each different visitation, even

of the same insect, often vary considerably, and what
would be efUcacious in one instance might altogether fail

in another. Again, just as the satisfactory working of a

small model of machinery is by no means always a

guarantee that the same thing would work well on a larger

scale, so insecticides that may be perfectly efficacious and
very rapid in action when administered direct in the labora-

tory to an individual specimen, may fail altogether when
the attempt is made to apply them promiscuously, and on
such a scale as would be necessary in a large field, to say

nothing of the great expense often involved in attacking

such large areas. Of this principle, indeed. Miss Ormerod
gives some remarkable illustrations in the book above

referred to, appending to them the following pertinent

remarks :
" The above experiments are of much value by

showing how little these remedies can be depended on,

some of which have often been tried, and time, valuable

for checking the attack at the beginning, thereby lost. It

will be observed that the application that caused the most
rapid destruction of life experimentally, failed to have any
decided efi'ect on the grubs in the ground, even when

applied at a strength which, without the greatest care in

using, would be destructive to the crop."

Probably natural agencies are, after all, the best to depend

upon ; but even in this category there are several that

might have been thought available, but yet fail through

the hardiness of the grub. For example, frost, which kills

many insects, has little effect upon the hardy " leather-

jacket." They may be frozen hard and stiff, and yet

recover on being thawed, and proceed about their business

as usual. In some experiments carried out for Miss

Ormerod at Kew, specimens were exposed to an artificial

cold of - 10- F. , or forty-two degrees below freezing point, and
some were found to resist even this extremely low tempera-

ture, though most of them died. Therefore, evidently the

frost of an ordinary winter cannot be expected to make
much difference to their numbers. Again, it was found

that grubs which had remained immersed in water for

fifty-eight hours, and looked quite lifeless, recovered on

being restored to the air, though an immersion of twice as

long proved fatal. Hence floods, to be effectual in killing

the grubs, must be of long continuance, and there must
be no means of escape to drier quarters. Drought appears,

however, to be much more reliable as a destroying agency.

THE CANALS OF MARS.

By E. Walter Maunder, Umi. Sir. 11. A. f!., Siipcrinlfmlrnt

(if the P/ii/.iical Ih'partincnt, Hiiij<il (Him'rrnldiij, (rnrniric/i.

SEVENTEEN years ago our knowledge of Mars
appeared to be in a very satisfactory state. The
principal markings had been often and long

observed, and had been found to be perminent.
The Kaiser Sea, the Oculus, the Marakli Sea, had

been observed by Hooke and Cassiui, Hersohel and
Schroeter, Beer and Miidler, Dawes, Loekyer, Knobel
and Green. The inference, from the annual waxing and
waning of the white polar caps, that cloud, snow, and rain

were features of the meteorology of the planet, had been

confirmed by the testimony of the spectroscope, and that

the white caps themselves were composed of ice or snow
was a natural conclusion. It followed necessarily that

there must be water on the surface of the planet, and the

dark spots were considered as seas, leaving the brighter

districts to be regarded as land. Mars was, in short, a

smaller copy of our own world. " The analogy between

Mars and the earth " was pronounced to be " by far the

greatest in the whole solar system."

Schiaparelli's discovery of the " canals "—to use a term
which, however misleading it has been, has now been too

strongly sanctioned by custom to be easily chan,u:ed—was
the beginning of a new epoch in Martian observation, and
its chief and most patent result has been to disturb our

old conceptions of the analogy between Mars and tbe

earth, and consequently to unsettle our notions of the

physical condition of the planet. The reaction has gone

so far that Prof. Schaeberle has reversed the old identifi-

cation of the dark spots as seas, and claimed that the

bright districts are to be thus regarded. The grounds for

this change of view have not been generally accepted, and
more is to be said for an objection raised by Prof. W. H.
Pickering, that just as snow is not the only substance to

give a bright white reflection— hoar-frost or cloud would

serve as well—so water is not the only surface which

would appear dark ; forests and prairies would appear as

at least sombre districts.

The " canals," however, have been the great element of

disturbance. The report of their discovery was received

in 1877 with very considerable mistrust. But time has
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Fio. 1.—Horscliel II. Strait, as seen bv Beer
and Mailler on October 1-tth and 19tli", 1S30.

From Fhnnmarion's ' Mars," p. 566.

been on the side of the patient and keen-eyed Italian

astronomer. Each succeeding opposition has seen more of

his " canals" identified by other astronomers ; each con-

struction of a ne^y and more powerful telescope, each
enlistment of a fresh earnest and skilled observer, has
meant a further confirmation of his work. So that now
there is a bulk of evidence in favour, not merely of some
of Schiaparelli's " canals," but of his canal system as a

whole, by no means lightly to be set aside.

The positive evidence has not, however, destroyed or

overcome the negative. Both still hold the field, and both
must be considered. The principal points against the actual

existence of the " canals," as represented by Schiaparelli,

may be summarized as follows ;

—

1, They are extremely narrow objects, approaching the
theoretical limits of visibility, even when Mars is at its

nearest approach. Thus a fine drawing reproduced in

Flammarion's great monograph on "Mars," p. 508, shows
" canals" of breadths not exceeding 004" or 0-05" of arc.

The two branches of a <Uiubleil " canal " in one part of the

sketch are dis-

tant from each
other only 0-25".

Nor is this all.

In his account of

his 1888 observa-
tions (maximum
diameter of

planet, 15-4"), he
states that in

a set of canals

on MiiJler Con-
tinent he could

make out, not merely the two banks of the canals, but also

" very small undulations in their two banks, which could

be distinguished from each other."

2. The distinctness of some of these objects, though so

narrow, does not seem impaired by distance. Thus, in

the opposition of 1877, the Indus was lictUr seen by
its discoverer when the planet had receded a great

distance from opposition, and was very well seen when the

planet was only 5-7" in diameter, and the canal 0-2" in

breadth.

3. The great divergency between the descriptions of

different observers. To take the one (and all important)

feature of breadth. In the opposition of 1890, when
Schiaparelli was observing " canals " down to a breadth

of 005", Holden and Keeler, at the Lick Observatory,

always saw the canals as dark, broad, somewhat diffused

bands. We may judge what is meant by " liroad bands,"

for the record goes on :
—" In bad vision they were drawn

in that way by Schaeberle also. Under good conditions,

however, the latter observer described them as narrow
lines, a second of arc or so in width." A second of arc

corresponded at this time to a minimum of (i ' of a Martian
great circle ; that is to say, to abou,t the breadth of

Herschel Strait, and very nearly to that of the Mare
Sirenum, the narrower end of the Maraldi Sea, or to

nearly double the breadth of the Nasmyth Inlet, or the

point of the Kaiser Sea, markings seen even by the

earliest observers. If Schaeberle could describe markings
of such dimensions—markings twenty times as broad as

Schiaparelli's narrowest canals— as " narrow lines," what
must have been the breadth of the " broad bands " of his

two colleagues "? It is clear that the phenomena observed

by the Lick observers were quite of a different order to

those recorded liy Schiaparelli.

4. The greatness and suddenness of the changes remarked
in the "canal " system. The "gemination" or doublmg

of the " canals " has been remarked " to take place in a

relatively short space of time, and by a rapid metamorphosis.

. . . Sometimes the metamorphosis has been completed

in the interval of twenty-four hours between two con-

secutive observations. So far as the observer could judge,

the phenomenon took place simultaneously along the entire

length of the canal doubled." Schiaparelli himself draws

attention to the strange and rapid changes taking place on

the planet, and remarks ;
" Evidently the planet has fixed

geograi)hical details similar to those of the earth, with

gulfs, canals, &c., on an irregular plan. There comes a

certain moment and all this disappears, to give place to

these grotesque polygons and geminations, which clearly

represent approximately the former state; but it is a coarse,

and, I might say, almost a ridiculous mask."

5. The "canals," when near the edge of the disc, are

apt to be represented as much straighter than they could

possibly be.

G. To these difficulties may be added that at the very

time when to some observers the canal system was most
developed, others have sometimes only been able to perceive

the usual markings of the planet in their customary con-

figuration.

How are we to explain these curious discrepancies ?

First of all, many of these differences are to be explained

by difl'erences in " seeing" power, including in that term

not merely atmospheric conditions, but instrumental and
personal differences, such as the aperture of the telescope,

its defining power, the magnification employed, and the

Fin. 2.-Dr .vings of Mars, by Dawes, in 1864-65. From
Flamiiinrion's " Mars," p. 187.

keenness of sight and artistic skill of the observer. Two
illustrations may be given of these. In 1802 a number of

drawings by different observers were made of the De la

Rue Ocean. The observers best equipped with instruments,

and most favoured by observing conditions, recorded this

ocean to be marked by the presence of one, two, three,

or more islands. The better the conditions the more the

number of islands represented
; the smaller the aperture,

and the less the experience of the observer, the fewer ; so

that the drawings showed every variety of representation.
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from au undivided greyish spot to an archipelago of five

distinct and clearly separated markings.
Again, in Flammarion's " Mars," a series of representa-

tions are given of Herschel II. Strait. First in order of

date come Beer and M;idler's drawings of 1830, in which
we see the " strait'' (Fig. 1), not as a strait, but as a

snake-like inlet, ending in a dark round spot. In 1862
Lockyer (Flammarion's "Mars,' p. 1.3.3i represents the

terminal spot as a nearly rectangular marking. In the

same year Kaiser gives the northern edge of this rectangular

spot a shaded appearance, as if he suspected the presence

of the two "estuaries" ilbid., p. 174). In 1864 (first

sketch of Fig. 2) Dawes resolves this rectangular spot into

the now well-known form of " Dawes' Forked Bay." In

1879 Schiaparelli (Flammarion's "Mars," p. 336) traces

two canals flowing into the two arms of the Forked Bay.
These diS'erent aspects correspond precisely to the eflect

of improved " seeing," using that term in the larger sense

Tig. 3.—Drawii'gj of ilivr?. hv Given, in 1^77. From I'lammariou'^
•• Mars," p. 274.

'adopted above. For if a careful drawing be made of the
district under the aspect which it presented to Schiaparelli
in 1879, and the drawing be approached from a distance,
it will assume in succession precisely the apparent phases
delineated by the above-named astronomers ; allowance
being made for the effect of foreshortening due to the
difference of presentation of the planet, and to the inevitable

inaccuracies of the drawings of even the most skilful

artists.

I

I ventured to lay stress, in my paper on " The Tenuity
of the Sim's Surroundings " in the March number of

Knowledge, on the fact, which we so easily overlook, that

i"the smallest portion of the sun's surface visible by us
as a separate entity, even as a mathematical point, is yet
really a widely extended area." The same truth applies

in its degree to the planet Mars. We have no right to

assume, and yet we do habitually assume, that our tele-

scopes reveal to us the ultimate structure of the sm-face of

the planet.

1 An illustration of this point was afl'orded me some time
ago, when a question arose as to the hmit of visibility to

the naked eye of sunspots. I was astonished to find that

a group of spots had been recorded as seen directly, when
their total area was much less than that of many well-

defined circular spots that had entirely escaped scrutiny.

A few experiments convinced me, however, that the
observation was perfectly correct, and that it was often

possible to see a straggling group of small unimportant
spots, when a single spot of considerably greater total area
would be invisible.

I then tried how small an object could be detected
without optical assistance, the objects being always black
marks (Indian ink) on white glazed paper, illuminated by
dull diffused daylight.

The limit of my vision for a circular dot ranged from a
diameter of 80

" to 36" of are. One of 20" was quite
invisible ; of 40', distinctly seen. This was decidedly
smaller than I had anticipated. But the limit for a straight

line, to my surprise, was as low as 7'' or 8
'

; 12" w-as easy
and conspicuous. More than this, a pair of lines, each
only 4" in breadth, and the pair separated by say 20", was
visible as a faint single line ; two lines, even of only 3",

meeting at a very acute angle, were visible after their

separation had diminished below about 2.5". In each case

the object was unmistakably discenwd, and appeared as a
line or dot; it was not, of course, defined so as to be seen
in its true form.

Further, a chain of dots, each of 20", irregularly disposed
along a straight line, the average interval between any two
dots being three times the diameter of a dot, was easily

seen as a continuous straight line, whilst a double chain
of yet smaller dots, each 4'' in diameter, and the two chains
some 40'' apart, was visible as a very faint continuous
line.

The theoretical limit of visibility has been given as 40"

or a little greater, a limit with which tbe abive observations
are really in tolerable accord ; for when the angular
diameter of the object fell much below 40" it was seen, not
as a minute defined black dot, but as a grey diffused spot

of about 40" or 45" in diameter. It would seem, then,

that the smallest perceptible area is about 40", but tbat if

there be within any such given area a sufficiency of dark
markings, however individually miuute, to turn tbe white
to a decided grey, then that area will be visible as a grey
spot. Two lines or a number of dots, easily visible as one
object when close together, can readily be made invisible

by a greater angular separation.

It seems to me that these rough experiments have a
decided bearing upon the "canal system" and the supposed
changes of Mars. It seems a violent hypothesis to call in

inundations extending over many thousands of square
miles to account for merely temporary changes, for sooner
or later the old districts take on the old configuration, more
especially since, as I have already shown, the meteorology
of Mars must necessarily be a languid one. Indeed, it may
happen that whilst several independent observers have
recorded a change, others equally skilled ha\e seen the
planet as before.

But if what we see is not the ultimate structure of the
planet's surface, if, especially in the half-tone regions, like

the De la Rue Ocean, we have an intermingling of miuute
areas of dark and light—be they water and land, forest and
bare rock, prairie and sandy desert, or what you will—it is

easy to see how enormous changes may apparently occur
in a very little time. What we actually see is a greyish

spot, contrasted with dark spots but little darker than it

is, and with bright spots but little brighter. What is

required, then, in the observer is not so much keenness of

vision to detect minuteness of detail as power to appreciate

delicate difi'erences of tone. And the formation or dissipa-

tion of thin cirrus cloud above such a half-tone district wiU
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readily make it indistinguishable from one of the " con-

tinents," or from one of the " seas," as the case may be
;

cloud on Mars necessarily taliing the form of our lightest

and highest terrestrial clouds, rather than that of the

densest and heaviest. ^Yhen the difference of tone in

two contiguous markings is but small, but a little defect

in the transparency and steadiness of our own atmosphere
will be sufficient to render them indistinguishable.

It is easy to see, if these causes are the principal

reasons for the apparent changes on the planet, that

different markings will have two or three forms under
which they present themselves, but will not pass through

an indefinite number of changes. This is actually the

case in more than one locality. To take perhaps the best

authenticated case, the marking to which reference has

akeady been made, Herschel II. Strait is sometimes closed

at its western end, and sometimes open, its southern shore

being then a cigar-shaped island. The first sketch in

Fig. 8, from Mr. Green's fine series of drawings, made at

Madeira, in 1877, illustrates the latter phase ; so do also

the first, third, sixth, and seventh of M. Guillaume's

sketches in Fig. 4. But more frequently the Phillips

Island of Green's chart is seen, not as an island, but as

an elbow-shaped promontory—the DeucaUonis Regio of

Schiaparelli.

The rough little experiments to which I have alluded

may, I think, throw some light on the "canal system."

It must not, of course, be imagined that a power of 100

on Mars when 20" in diameter will show it with equal dis-

tinctness to the moon as seen w^ithout telescopic assistance
;

nor, if a line 8" in breadth be visible to the naked eye,

will a power of 400 show a line 02" in breadth on Mars,

even in the steadiest air. To begin with, all the contrasts

on Mars are subdued. Then, the gain by increasing the

power of the eyepiece is always less than the numerical

ratio of the magnification, till a point is reached when it

vanishes, either on account of optical limitations, defects

of the instrument, or atmospheric conditions. But a

narrow dark line run be seen when its breadth is far less

than the diameter of the smallest visible dot. Further, a

line of detached dots will produce the impression of a

continuous line, if the dots be too small or too close

together for separate vision. There are some intimations

that this may be the next phase of the " canal " question,

Mr. Gale, of Paddington, New South Wales, having broken
up one " canal " into a chain of " lakes " on a night of

superb definition, Mars being near the zenith, and Prof.

W. H. Pickering, at Arequipa, having under equally

favom'able circumstances detected a vast number of small
" lakes" in the general structure of the " canal system."

If this be so, if the canals are, generally speaking,

beyond the limit of distinct definite vision, but producing

the impression of lines, it will be readily understood how
it is that different observers differ so widely as to their

breadth and as to their character, whether diffused or

sharp. If they are too narrow to be dejinedh/ seen, and
yet broad and dark enough to make their presence felt,

this is precisely what would ensue. The apparent breadth
of the " canal " would vary with the definition each
observer enjoyed, and with his persanal idiosyncrasies.

Indeed, one man might see the veritable " canal " itself

as a hard, sharp, well-defined line— if that be its actual

character—whilst to another, less fortunate in bis climate,

his telescope, or his sight, it would only be a diffused

shade.

That the "canals" are actually very narrow may be

inferred from another circumstance. When Dawes dis-

covered his "Forked Bay," he looked particularly to see

if he could detect any rivers flowing into these two seeming

estuaries, but found none. Now I found that I required

to take the distance between the points of the " Fork " on

a drawing, not as 8", but as more than twenty times

as much, as fully B' of arc in order to see the " bay " as

Dawes described it. (This may serve to show how great is

the difference between defining an object and merely

discerning it.) The actual distance of the points in

Martian longitude is 8^ It is practically certain that if the

" canals " which flow into the " Fork " had had a breadth

Jia. 4.—Drawings of Mars,
Flammarion's

by Guillaume, in 1S90.
" Mars," p. 477.

From

of one-sixteenth of that distance, or Oo" of a Martian
great circle, Dawes .could not have overlooked them,
provided the " canal " was as dark as the " bay." I am
inclined to think that the actual breadth of the rank and
file of the "canals" cannot exceed this hmit, if they are

truly continuous lines, and as dark in tint as the " seas."

If they are fainter than the " seas," or discontinuous, then
they must make up in breadth what they lack in darkness

or continuity. Their angular breadth in a favourable

opposition would then be about 0-1", and they would be
beyond the limits of defined vision, except on the rarest

occasions.

The disappearance, reappearance, and duplication of the
" canals " would easily explain themselves. If my theory

is correct they are all always present, both the " canals
"

and their duplicates, but being so close to the limit of

vision, a trifling circumstance will bring them within it,

or remove them without it. Suppose we take the popular

opinion that they are watercourses, then an increase in

breadth no greater than our own rivers frequently show,

an increase of turbidity, or a greater transparency in the

atmosphere abo%'e a " canal," will bring one ordinarily

invisiljle into view.

Whether this be so or not, I should like once again to

emphasize what I feel to be an important point, not only

with regard to the sun and to Mars, but to all the

planets. W^e cannot assume that what we are able to

discern is really the ultimate structure of the body we are

examining.





Knowledge.

NORTH.

WEST. EAST.

REGION OF THE MILKY WAY NEAR 3 OPHIUCHI.

From a Pliotograi.h bv Prof. E. E. Baiinakd, taken at llie Lick Observatory, .Iiilv C.th, lh94, witli an exposure of 31i ."Srira.



XOVEMBEE 1, 1894. KNOWLEDGE 253

I

STRUCTURE OF THE MILKY WAY.

By Prof. E. E. Barnabd and A. C. Eany.\ed.

SEND to Knowledge a pbotograpli which I have
recently made with the 6-iiich Willard leus. The
picture is in i r-u i -„

S = -2.3°,

and was made -luly 6th, 9h. 30m.—13h. om., 1894,

Standard Pacific time.

This picture shows the remarkable structure of that

portion of the Milky AVay near 5 Ophiuchi—the large star

near the middle of the plate. This is a very obscure

region to the naked eye, made especially so by the great

olouds to the east and south-east of it. It is essentially a

region of vacancies. There is a great chasm here in the

Milky Way which sweeps from the east of 6 Ophiuchi,

under it south, and then westward. Theta itself is in a

region of stars and nebulosity. I would, however, question

this nebulosity, as it may be only areas of very small stars.

There are two peculiar narrow, interrupted vacancies run-

ning north and south on each side of 5 ; the westei-n of

these passes quite close to the star. About 2° north of 5

is a singular small S-shaped vacancy, which is a very
remarkable and striking object.

It wiU be noticed that in many of these vacancies there

are "deeper depths" yet, which almost suggest that the

appearance of diifused nebulosity over the region is real

nebulosity, and that these dark and black places in it are

thin places and actual holes.

This picture, taken in connection with Mr. Wesley's
interesting paper in August Exowledge, will give much
food for thought and speculation. I have no doubt Mr.
Pianyard will be able to discuss this photograph in his

usual thorough style, so I shall leave it with these brief

references.

Mount Hamilton, August 20th, 1894.

[The dark vacant areas or channels running north and
south, in the neighbourhood of the bright star at the centre

of the picture referred to by Prof. Barnard, seem to me to

be undoubtedly dark structures, or absorbing masses in

space, which cut out the light from a nebulous or steUar

region behind them. On the glass positive sent by Prof.

Barnard several of such dark areas or dark channels are

recognizable in different parts of the photograph. There
are three nearly parallel dark channels to the east of

9 Ophiuchi, which throw out curving branches on either

side, which are well shown in oin- plate. They appear to

nie to spring from the great dark chasm or rift which
sweeps from the east of 3 Ophiuchi to the south, and then

under it to the westward. It seems to me that these dark

structures most probably spring from the great rift, because

the lateral branches all diverge in a direction away from
the rift, and there is a resemblance in thek spreading

heads to the. forms which solar prominences assume as

the outrushing matter from the sun expands and suffers

resistance from the medium into which it is projected.

Several smaller dark channels may be traced diverging

from different parts of the great rift ; one from near its

western end stretches downwards into a very comphcated
head, with diverging narrow branches.

It is comparatively easy to conceive of a narrow stream
of dark nebulosity or foggy matter cutting out the light of

a uniform background ; while if the narrow dark regions

correspond to thin places or holes in the nebulosity, they

must be holes or thin places extending in a direction away
from the earth. The probabilities against such a radial

arrangement with respect to the earths place in space seem
to my mind to conclusively prove that the narrow dark
spaces are due to streams of absorbing matter, rather than
to holes or thin regions in bright nebulosity. — A. C.

R.VXYARD.^

Sfitnrc Notts.

Mr. Richard Inwards delivered an interesting presidential

address to the Meteorological Society on " Some Pheno-
mena of the Upper Air." He described the experimental
balloons which have been sent up in France by M. Hermitf,
carrying instruments so contrived as to register the various

changes of condition through which the balloon passes.

The results are most instructive. It appears that one of

these balloons rose to a height of ten miles, when the

pressure of the air was only 4-1 inches of mercury and the

temperature — 104^ F. Though there are considerable

variations in the temperature gradient below twelve thou-

sand feet above the sea level, it seems that above that

height the temperature decreases pretty regularly, falling

one degree for every rise of three hundred and thirty feet

into the air.

Our cup of tea hitherto has come to us as an unquestion-

able oriental, a thing unique in the flavour of the far East
that it brings with it. But soon, it seems, all that will be
changed, for America has discovered that she can grow
tea as good if not better than that of India or China.

Through private enterprise, aided by the Government, tea,

reported by experts to be of very fine quality, has been
most successfully grown at Pinehurst, near Charleston,

U.S.A., and there seems to be no reason why its coltivation

should not quickly become general in many districts.

In the chemistry section of the British Association,

Prof. H. B. Dixon, in his opening address, gave an
entertaining historical account of Oxford chemistry. After

Boyle left in 1668, the impulse he had given to its study

gradually died out. In 1683 we are informed that "the
Oxford elaboratory was quite finished." In 1708 Eichard
Frewin is described as being Professor of Chemistry there.

Uffenbach, after a visit to Oxford about that time, says he
found the stoves in fair condition, but everything else in

the "elaboratory" was in dirt and disorder. Frewin
must have been a man of great facility, for in 1727 he was
elected Camden Professor of Ancient History. Whether
he stiU looked after the elaboratory, or whether it went
professorless, is not stated. At all events, Frewin must
have been a conscientious man in his way, in spite of that

suggestive fact about the stoves, for on his election to the

chair of History he seems to have made a genuine attempt

to become familiar with the new subject, and we are told

that he at once expended one hundred pounds in books on
chronology and history to fit himself for his duties. The
occupation of the chair of Chemistry seems in those days to

have been mere by-play in the career of a man. Eichard
Watson, who ultimately became Bishop of Llandaff, was in

1764 appointed Professor of Chemistry at Cambridge. We
are told that he knew nothing at all of chemistry ; he had
never read a syllable nor seen an experiment. So on his

election he sent in a hurry to Paris for an " operator," and
set to work in his laboratory. Clearly in those days there

could not have been quite so much to learn as now, for

fourteen months after we find him lecturing to a large

audience.
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The Physical Society is about to follow the example of

the Chemical Society, and in January next will commence

to publish a monthly pamphlet of abstracts of papers

appearing in the principal foreign journals devoted to

physics. There is an urgent need for a publication of

this kind in each department of experimental science.

Prof. Bumham writes:—"A few weeks ago Messrs.

Clark tried the new Yerkes 40-inch objective on stars for

the tirst time. The result was very satisfactory. Alvan

Clark thinks that this will be, when finished, the best large

objective ever made. 1 hope to get off to New England

in a week or two, and if the weather is good I shall have

a chance to look through it."

Kottccs of Boofts.

Tlie Rise mill Ih'relopment of I hyanic Chciiiistri/. By Carl

Schorlemmer, LL.D., F.E.S. Eevised edition by Arthur

^Smithells, B.Sc. (Maomillan and Co., 1894.) This

valuable book has long been out of print, though French

and German translations of it have appeared in 1885 and

1889. Shortly before Prof. Schorlemmer's death he com-

menced to make corrections and additions for a new
English edition, sending the manuscript to his old fi'iend

and pupil. Prof. Smithells, for correction in English. The
book was not proceeded with very far when Prof. Schorlemmer

died, and Prof. Smithells has since, at the request of

the executors, completed it, and has added a most appre-

ciative biographical notice of his friend. Carl Schorlemmer

was born at Darmstadt in 1834. He commenced his working

life in an apothecary's shop ; his schoolfellow, Dittmar,

had become assistant to Bunsen at Heidelberg, and,

inspired by contact with Bunsen, Schorlemmer soon decided

to give up pharmacy and devote his life to scientific

chemistry. In 1859 he became assistant to Prof. Roscoe

at Owens College, j\Ianchester, and was soon, at Prof.

Roscoe's request, appointed to a separate chair of Organic

Chemistry.
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—
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~
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Camille Flammarion, trans-

J. Ellard Gore, F.R.A.S., &c.

llie Complete

(Bickers & Son.)

Popular Astronomy. By
lated from the French by

(Chatto & Windus.
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A Laboratory Manual of Physics and Applied FAectricity.

By Ed. L. Nichols. Vol. H., Senior Course. (Mac-
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Edible and Poisonous Mushrooms. By M. C. Cooke,
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Our Secret Friends and Foes (Micro-Organisms). By
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[The Editor does not hold himself responsible for the opinions or

statements of correspondents.^

To the Editor of Knowledge.

De.ir Sir,—The article by Mr. Evershed in your October

number recalls some questions that I tried to answer, and
some experiments made by me some twenty years ago,

and which, I think, tend to confirm his conclusions.

It seemed to me that in the production of light for

illuminating purposes, we were, as a Chinaman would say,

"burning our house down to roast the pig." In fact, we
were using a large quantity of energy in heating up bodies

so as to become luminous, and getting a very small amount
of that energy utilized in the production of light. It

occurred to me that if it were possible to set up in the

molecules of the body used vibrations of a high light-giving

order only, none or only a small portion of the energy

would be wasted in heat radiation.

The method of electrical excitation in tolerably high

vacua seemed the most promising one to follow, and I

estimated the quantity of heat produced in gases in various

tubes under various conditions of vacuum and current.

For my present purpose I need only say that the heat

simultaneously given off was large, and I had not produced

light vibration alone by any means.
On consideration of the experiments, I could see no

difference in the light and heat-giving effects batween the

gas electrically luminous, and what one would expect to

find if the same were rendered luminous by heating in the

ordinary way. I concluded that whether a gas be excited

electrically, or chemically, or by ordinary heating, its

vibration is of the same kind, or at least there is nothing

pointing to the contrary, and my expectations had been

misled by the fact that gases under electrical excitation are

usually very rare, whereas when ordinarily heated they

are at atmosphei-ic pressure, or thereabouts.

The exact manner in which heat, chemical, and electric

excitations act on the molecules of a gas is unknown ;
but

is there anything to show that the result of the action of

one on a gas is different in kind to that of another :* 1

expect not. I picture to myself the molecule of a gas, at

ordinary temperatures, rapidly changing its shape to a

small extent, in the manner of a soap-bubble just released

from a pipe ; under greater excitation, at higher tempera-

tures, I imagine waves running over its surface, and

under still greater excitation, ripples on these waves. It

is these waves and ripples that produce heat and light

through the medium of the ether—certain waves and

ripples, fitting the size and elasticity of the molecule, being
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predominant, hence definite lines in the spectrum of each

kind of molecule. I further picture these molecules flying

about and colliding. The greater the vibration of the

molecules, the higher the velocity in their respective paths ;

and the greater the velocity, the greater the collisions and
consequent vibration. Thus give your molecules an
impulse of vibration, or of translation, and the result in a

short time is the same.

I can confirm Mr. Evershed's experiment with iodine

vapour, in part at least, although I performed the experiment
from another point of xievf. I imagined that if an absorb-

ing vapour were viewed from the side, a spectrum,

complementary to that seen by transmission, should appear.

To this end, I enclosed iodine in a small cage of wire gauze
with apertures at right angles to each other. I passed the

rays from a lime-light through in one direction, focussing

the image of the lime in the cage so as to get the most
intense illumination, and viewed the transmitted light.

The iodine was then vaporized by a flame below and the

usual absorption spectrum viewed, and simultaneously

the vapour was examined by a spectroscope pointed at

right angles to the former. I saw no complementary
spectrum, but only a very faint general illumination, too

faint to call a continuous spectrum. The temperature was,

however, low. I put my failure to see a complementary
spectrum down to the probable fact that the vibrations set

up by absorption, already faint, would be communicated
to molecules outside those immediately absorbing from the

lime-light on their way to the eye, and so the vibrations

would be frittered down to too small an extent to be
visible.

The faint general illumination seen by me, and the

continuous spectrum seen by Mr. Evershed, were probably
due to the closeness of the molecules, which in such case

have not suificient time between collisions to settle down
into their natural periodic vibrations, as in the case of a

solid or liquid. Many years ago. Prof. Lockyer showed
the widening of the lines of hydrogen by increase of

pressure, and Mr. Evershed's experiment with sodium
vapour points to this explanation.

Owing to the large number of diflerent periods in which
the iodine molecule can vibrate, as evidenced by its

absorption spectrum, it would appear probable that a less

density of the vapour under examination would be necessary
in order to give its specific spectrum than in the case of

sodium, with its more simple vibrations.

Yours truly,

Rugby. G. M. Seabroke.

[Mr. Seabroke's experiments on the radiation from
vacuum tubes electrically excited appear to show, as he
says, that there is no essential difl'erence in the radiation

of a gas, whether it is produced electrically or otherwise.
It is probably entirely a question of temperature, or, for

any given substance, molecular velocity, and it appears to

me that all ordinary cases of gaseous radiation can be
explained in this way without resorting to the hypothetical
phenomenon called " luminescence." Thus Prof. Smilhells
has shown that, in the case of flames tinted with metallic
salts, where the radiation exceeds that of a perfectly black
body raised to the average temperatiu-e of the flame (for

the rays special to the metal or salt), this so-called
" luminescence " of the salt may be really due to the fact

that the arenvje temperature is very much lower than the
temperature of such molecules in the flame as are in the act

of combining ; and that the intense radiation, therefore, may
after all be merely a heat effect, the extremely high tempera-
ture of the comlsining molecules being communicated to a
certain proportion of the salt molecules. With regard to

the iodine radiation, I do not think it is simply a question

of molecular aggregation acting in the way Mr. Seabroke
supposes. I have observed the iodine emission spectrum
under a variety of conditions as to density, but in no case

can I get any indication of a discontinuous emission, and
think that this can only be obtained with higher tempera-

tures than I have hitherto employed.—J. Evershed.]

GLOBULAR STAR CLUSTERS.

To the Editor of Knowledge.

Dear Sir,—With reference to your remarks on my paper
in the October number of KNn\vLED(iE, in which you say
that my views carry us "back to the old theory, that

clusters and nebulfe are distant galaxies, outside and un-
connected with the Milky Way," I would like to say that
I do not believe that the clusters and nebulae are external
galaxies. On the contrary, I say in my paper, " Judging,
however, from the average distance recently found for stars

of the first and second magnitudes, the distance of ordinary

stars of the fourteenth magnitude—on the Supposition

that they are of the same size and brightness, and that

their light is simply reduced by distance—would be about
ten times greater than that found above for Omega
Centauri." This, I think, clearly implies that I consider

the globular clusters to be included within the limits of

our sidereal system. If any external universes exist,

which seems probable, I do not think that any of them are

within the range of our largest telescopes. These views I

have already expressed in my " Visible Universe."

That some of the brighter stars may be many times
larger than the sun I admit, but that bodies of the size of

the earth should retain for ages their solar brilliancy

seems to me very improbable. Some of the fainter stars

in the I leiades may lie far beyond the cluster itself.

Yours faithfully,

J. E. Gore.

[The way m which star clusters are distributed in the
heavens along the stream of the Milky Way, shows that

star clusters are intimately associated with the Milky Way,
and that they are at about the same distance from us as

the nebulous stream. Herschel's " flat grindstone theory"
of the structure of the Milky Way has, I think, now been
very generally abandoned by modern astronomers, and the
generally received idea is that the Milky Way stream has
probably a roughly circular section, so that the most
distant stars in the stream are probably not fifty per cent,

more distant from us than the nearer stars in the stream.
If one iDart of the nebulous stream which encircles the

heavens were ten times as far removed from us as another,

we should expect to find the more distant part appearing
narrower or fainter by reason of its distance ; but there is

no very great ditl'erence in the general breadth or bright-

ness of diflerent parts of the Milky ^^'ay stream. It seems
therefore probable that the nebulous ring is not very far

from circular, and that the earth is not very far removed
from the centre of the ring ; that is, one part of the stream
is probably not two or three times as far removed from us
as another. We cannot, therefore, assume that star clusters

which are closely associated with the nebulous stream, or

are distributed along its borders, are some of them ten

times as distant from us as others.

Mr. Gore's reasoning with regard to the smallest con-
ceivable size of luminous star depends upon the assumption
" that they retain for ages their solar brilliancy" ; but man
has only observed them for a few years, and we have no
evidence that they are not rapidly cooling and were not
raised to incandescence by a comparatively recent collision.

—A. C. Kanyard.]
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HOW NOXIOUS GASES AND VAPOURS
FROM ALKALI AND OTHER WORKS ARE

UTILIZED.

By George McGowan, Ph.D.

BLl'E-BOOKS and reports generally are not always

considered light and fascinating reading, but

anyone who is interested in the progress of

manufacturing chemistry will find much to repay

him in a perusal of the " Eeport on Alkali, etc.,

Works" for last year (the thirtieth annual report), which

was presented in the spring to the Local Government

Board and to the Secretary for Scotland by the Chief

Inspector, Mr. A. E. Fletcher. The heading " Alkali, etc.,

Works " comprises not merely alkali works proper, and

works for the preparation of sulphuric and other common
acids, but also those for tar distillation and for the manu-

facture of cement, sulphate of ammonia, chemical manures,

Venetian red, barium compounds, lead deposit, white

arsenic, nitrate and chloride of iron, felt, zinc, etc. As

a matter of fact, only a small minority of the works on

the register are alkali works. It would, of course,
_

be

quite impossible to give within the limits of this article

anything like a detailed account of the important work in

which Mr. Fletcher and the other inspectors who are

associated with him are engaged, but a few of the salient

points in his report may be referred to with advantage.

To begin with, there are now no less than lOlG works of

the above kind registered in England, Ireland and Wales,

and 127 in Scotland ; and in these 1703 distinct processes

of manufacture are carried on which come under the Act of

1892 ((.('., ll'Jo hi England, Ireland, and Wales, and 208

in Scotland). In the course of last year 5332 visits were

made to the various works by the inspectors, and 4974 tests

were carried out. " The tests above referred to are the

results of exact chemical determinations made of the

amount of acid gas or other matter in a measured volume

of the escaping air, taken either from the main culvert or,

'more usually, from the chimney itself. The analysis is

eitb.er made on the spot by the help of portable apparatus

arranged for the purpose, or the collected material is

taken°home for examination." The public generally will be

glad to hear that "the amount of noxious gas (escaping),

though now much below that of the legal standards

originally imposed, still gradually diminishes year by year."

Take first the case of hydrochloric or muriatic acid,

which is evolved in such enormous quantity in the manu-

facture of soda by the old or Leldanc method, and the escape

of which, before the Alkali Acts came into operation, made

the country into a desert for miles round an alkah work.

By the Att it is obligatory to condense 95 per cent, of the

hydrochloric acid generated

—

i.e., the manufacturer may
legally allow 5 per cent, of it to escape. But, taking the

average of all such works, only 1-72 per cent, escapes in

England, Ireland and Wales, and 3-32 per cent, in Scot-

land. This condensation has been found in the end to be

greatly to the advantage of the manufacturer, from the

value of the hydrochloric acid thus saved. To diverge for

a moment from the subject in hand, this seems to supply

an argument in favour of compulsory coal smoke consump-

tion in works generally. The consumption of coal smoke

is, of course, a much more difficult problem than the con-

densation of hydrochloric acid, and trade is at present not

in a condition to bear unnecessary restriction or legislation

;

but even allowing for all this, the question is one which well

deserves the practical attention of all who are interested

in sanitation, affecting as it does the whole urban community

more or less directly.

To return to Mr. Fletcher's report. In the two well-

known methods of alkali manufacture, the newer ammonia-
soda process has almost outstripped the older Leblrmc

process, so far as the production of the main article, soda,

is concerned. But, as hydrochloric acid and bleaching

powder are bye-products of the Lrhlanc method, while

they are not obtained at all by the other, the former has

maintained its ground by their help. Some seven years

ago, as has already been described in Knowledge, a most

ingenious scheme was worked out by Mr. Chance, of

Oldbury, near Birmingham, for the recovery of sulphur

from alkali waste, immense heaps of which used to be

accumulated round alkali works (there being one and a

half to two tons of waste for every ton of soda produced

by the J.ehlanc method). This "waste" has constituted

in many cases a standing nuisance, from the fact that it

gradually undergoes decomposition by the atmosphere, and

more quickly by the acid vapours still found to some extent

in the neighbourhood of chemical works, the result being

that it evolves that nauseous and poisonous gas, sulphuretted

hydrogen. During the last few years many improve-

ments have been made in this (now spoken of as the

Chanre-Clnus) process. When it is mentioned that more
than 5,000,000 cubic feet of mixed air and sulphuretted

hydrogen (the latter being obtained from the " waste '" by

the above-mentioned method) are dealt with in this way
every twenty-four hours at one of the larger English alkali

works, when in full operation, some idea may be formed of

the care required to keep the numerous stopcocks, pipes,

and vessels tight—a task which is now satisfactorily

accomplished. " The applicatim of the process is now so

far advanced that already apparatus for treating the whole

of the tank waste of St. Helens and Widues has been con-

structed. Most of that produced on the Tyne is also

so treated, as is that at Oldbury and Wednesbury."

About 35,000 tons of sulphur are now recovered in this

way per annum. This constitutes a veritable triumph

in manufacturing chemistry. And the process is suscep-

tible of yet further improvement, as about 15 per cent,

of the sulphur contained in the " waste" under treatment

is still lost in the exit gases. None of it, however, is

allowed to e.scape into the atmosphere as sulphuretted

hydrogen, those exit gases being mixed with air and then

passed through a fire, with the result that all the

sulphurettel hydrogen present is converted into the much
less harmful sulphurous acid ; and this latter is to some
extent utilized in making sulphuric acid.

The sulphate of ammonia produced in Great Britain and

Ireland amouated in 1893 to 152,762 tons (worth more
than £2,000,000 sterling), an increase of almost 3000

tons over ls92. Three-fourths of this was got from

the ammonia liquor of the gas works, the remainder

being from shale, iron, coke and carbonizing works. The
manufacture of this salt, which is of such supreme im-

portance for agriculture, used to be most offensive, from

the copious escape of sulphuretted hydrogen and other

noxious gases. Mr. Fletcher now writes with regard to

it :
—" It is a matter of great satisfaction to be able to

report that no complaint has been brought during the past

year against any of these works," so much improved are

the methods of treatment.

The arsenic works of Cornwall and Devonshire, where

white arsenic is prepared in large quantity by roasting

arsenical pyrites, were formerly the cause of frequent

litigation This arose from the alleged destruction of

cattle through eating grass said to have been poisoned by

arsenic which had escaped condensation in the long flues

used for the purpose (e.'itending in one case to over half a

mile in lengths After ineffectual attempts had been made
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to ob%-iate this evil by means of wash-towers, a dry filter

made of brushwood, gorse, etc., was suggested, and this

has been found to arrest almost the whole of the arsenic

fumes in the escaping gases. In one case, where there

was no such filter, a test of the chimney gases showed the

presence of as much as 7'4 grains of arsenic m a cubic

foot of the gases passing into the air, whereas, with dry

filters of the kind, the average is now less than one-tenth

of a grain per cubic foot.

The above remarks refer to but a few of the points, taken

almost at random, m. this most interesting report. Its

author for rather authors, for Mr. Fletcher's contribution

is supplemented by other reports from the inspectors for

the different districts) would be the last to claim that

the work had by any means approached perfection. But
the short sketch just given will enable the readers of

Knowledge to appreciate the fact that an immense deal

has already been done in the way of preventing the escape
of noxious gases and vapours into the atmosphere, with a

corresponding benefit to the health of the community and
a large saving of valuable material. The climate of our
country is too damp to allow of the air here being as clear

as that of more southerly and drier regions ; but we may
at least look forward to the time when increased knowledge,
and its judicious application, will bring about such an
improvement in the air breathed by the people of our
towns and manufacturing districts as to make life Ln

these both pleasanter and healthier.

A CLASSIC DOUBLE STAR.

By Miss A. !M. Clerke, Authoress of " T/ie System of the

Stars" and " A Popular History of Astronomy during the

Ninetfenth Century," <(•(•., i(-c.

NOT far fi-om seventy years ago, Friedi-ich Struve
declared that the mathematical probability of a
physical connection between the stars of

61 Cygni was actually gi-eater than that of the
sun rising the morrow morn. Yet these " odds

beyond arithmetic " possibly misled him. It cannot,
indeed, for a moment be supposed that the luminaries are
of independent origin, or have had independent histories.
Their common proper
motion—the largest be- 211"

longing to any known
compound object—-of itself

estabUshes a close tie

between them ; it has,

moreover, been learnt,

since Struve wrote about
them in 1827, that their

apparent vicinity is real,

their parallaxes being

sensibly the same ; finally,

they are both yeUow stars

showing a spectrum of the

second type. Their photo-
metric magnitudes are 5-5

and 6-3.

Our records of them go
back to 1753, when Brad-
ley noted their separate

transits ; and an ample

21-0"

20-9"

20-8'

20-7''

amoimt of relative motion, otherwise nothing could prevent

their falling together ; it shows, however, no sign of the

anticipated orbital character. The stars apparently travel

along right lines, inclined to each other at an angle of about

two degrees, the smaller with a velocity slightly inferior to

that of the larger. The inference that they were separating

never to be reunited was arrived at by Captain Jacob as

early as 1858 ; and a fi-esh discussion, after sixteen further

years of observation, led M. Flammarion to the same
conclusion. Nevertheless, orbits for the pair, based no
doubt in part upon illusory observations, were calculated

Ln 1883 by Mr. Mann, of Rochester, New York, and Ln

1885 by the late Dr. C. F. W. Peters ; but neither of them
claims any longer a shadow of authority. At the same
time, Prof. Hall's opinion, founded upon determinations

made by him at ^Yashington dm'ing the years 1879 to

1881, is slightly Ln favour of the star's binary natiu'e ; and
an attempt to fix the centre of gravity of the system gave
3'1 to 1 as the proportion of the masses of its components.

But no indications whatever of a definite orbit could be

traced. Mr. Burnham, on the other hand, has no doubt

that the march of both stars is absolutely rectilinear ; that

they are separating, and will continue to separate ; and
that the evidence of their present conjunction must, Ln the

distant futm-e, become wholly obhterated. If this be so,

they were formerly much closer together than they now
are, and each must, in all probability, have executed a

hyperbohc sweep round their common centre of gravity.

This little adventm-e might not be inconsistent with

the state of things sketched out by Prof. Newcomb, since

we are acquainted with comets which—without finally

renouncing then- allegiance to the sun—have described

hyperbolas round Jupiter. Not that the two cases bear

detailed comparison ; but tlieu- Ukeness, though elementary,

is instructive.
" The only conclusion open to us," remarked the last-

named authority in connection with Mr. Burnham's verdict

regarding the status of these stars, " is that each of them
describes an immense orbit, which may be several degrees

in apparent diameter, and in which the time of revolution

is counted by thousands of years." An enormous mass
would, however, be needed in order to control the velocity

of 61 Cygni. For here an important distinction comes Ln.

Only the small relative motion of its components has to do

21-1"
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speed constitutes in itself a formidable problem. Tliat

part of it alone which lies across the line of sight amounts
to thirty-five miles a second, or nearly twice that of the

earth in its orbit. This, according to Prof. Newcomb,
is beyond what can be swayed into a closed path by the

gravitative force of the entire sidereal system ; in other

words, 61 Cygni must be reckoned a " runaway pair." Un-
less, indeed, a single mass comparatively close at hand be
efl'ective where the innumerable scattered bodies of stellar

space are impotent. It may be worth whUe to take a
glance at the conditions involved in this hypothesis.

Assuming Gl Cygni to revolve round a local centre in a

period of ten thousand years, it follows, from the elemen-
tary principles of celestial mechanics, that the radius of

its orbit, supposed to be circular, would be about 1752
thousands of millions of miles, while the mass occupying the
centre would exceed that of our sun two and a third million

times. The presence, however, of such an immense
gravitative power, even if lodged in an obscure body, would
assm-edly betray itself otherwise than by the proper motion
of one luminous couple. The sphere of its pre-eminent
influence might well be twenty billions of miles in dia-

meter, within which incomprehensibly vast region tides of

movement should be raised, neither inconspicuous nor
difficult of interpretation. But no such effects are trace-

able. The inference is irresistible that no obscure centre
of overwhelming power exists in that neighbourhood ; con-
sequently, that the motions of 61 Cygni must be otherwise
accounted for.

Now, however, a further complexity has been added to

this already complex problem.
In the middle of 1889, as the upshot of a keen scrutiny

with powers up to 1000 on the Lick thirty-six inch, Mr.
Burnham recorded both the stars of 61 Cygni to be
undoubtedly single. It is unlikely that they will ever
appear otherwise. Nevertheless, one at least of them
owns an attendant by no means insignificant in mass.
That is to say, the evidence of this being the case is very
strong ; it would be premature to assert it to be conclusive.

The thirteen-inch International photographic refractor

of Potsdam was placed by Dr. Vogel, in the autumn of

1890, at the disposal of Dr. Wilsing for the purpose of
some experimental researches into stellar parallax ; and,
almost as a matter of course, their chosen object was
61 Cygni. Yet, the proved accuracy of the measures
notwithstanding, only anomalous results were obtained.
Now an anomaly often gives the clue to a discovery, and
Dr. Wilsing soon found himself on the track of a curiously
interesting one. His measurements were executed from
the middle point of the line joining the stars under examina-
tion to two comparison stars, one situated nearly in the
prolongation of the same line, the other at right angles to

it. The parallaxes derived from both ought, of course,

within certain narrow limits of error, to have been the
same

;
yet they differed consistently and notably. After

other tests had been applied in vain, direct determinations
were carried out of the distances separating Glj from 61,
Cygni at various successive intervals of time. And here
at last the secret of the observed perplexing inconsistencies
was found to lurk. The stars, it seems, alternately
approach and recede from each other, in a period of
twenty-two months, by the total angular amount of three-
tenths of a second—a gross quantity in an investigation
of so delicate a character. The fashion of this change, so
far as it has yet been made known, is shown in the accom-
panying drawing by Dr. Wilsing. It will be observed that
the swing backwards of the stars is much more quickly
performed than their swing forwards, and this obviously
through no accidental errors of measurement, but as a

distinctive feature of the systemic movements unexpectedly
betrayed. These, as Dr. Wilsing pointed out on the 26th
of October, 1893," must be due to the presence of one or

more obscure companions to the bright stars. In due
time we shall doubtless learn which suffers disturbance,

or whether both alike are composed of a shining and an
obscure body. In the latter case, the argument in favour

of their permanent physical union will be strengthened

beyond contravention.

The spectrograph will afford the surest criterion of the

genuineness of Dr. Wilsing's discovery. Up to this, nothing
has been ascertained regarding the motions of 61 Cygni in

the line of sight. Its rays are too scanty, unless concen-

trated by a very powerful telescope, to afford satisfactory

information on the point. None of the Potsdam instruments
are adequate to the purpose ; but with the Pulkowa thirty-

inch, perfectly definite results ought to be attainable. A
complete set of spectral photographs of both stars, with
iron-lines for comparison simultaneously imprinted on the

plates, seems a primary requisite for the pursuit of this

important inquiry. The line-shiftings legible on them
would possess a particular significance. It is, indeed,

probable that the multiplicity of 61 Cygni might have been
detected by the spectroscope alone. For the plane of the

minor orbits traversed by some of its components appears

to lie along the line of sight from the earth ; and twice in

every revolution, accordingly, nearly the whole of their

velocity in those orbits—amounting probably to six or

eight miles a second—must be directed towards or away
from the earth. It is thus permissible to hope that many
of the intricate questions relating to our classic double

star are on the eve of receiving definitive replies.

THE KONISCOPE.

By De. .J. G. McPherson, F.R.S.E., Lecturer on,

Meteorohiyij in the University of St. Andrews.

w
E. JOHN AITKEN, F.R.S., has just given us the

results of some careful observations on colour

phenomena connected with cloudy condensation,

and an account of his new instrument, for

detecting the impure state of the air in rooms
by means of colour alone, may be interesting to readers of

Knowledge. No more painstaking or persevering physi-

cist lives than the discoverer of the now acknowledged
theory of the formation of dew. He has elucidated the

formation of fog particles by the attraction of dust for

water vapour, and has enumerated the particles of dust in

a cubic inch of air, and this is another example of his

assiduity and success.

If steam be blown into the air inside a glass vessel, the

cloudy condensation will in time undergo a change. Of
course, the dust particles in the air have seized hold of the

water vapour of the steam to form visible steam particles,

each dust atom forming a free surface for the adherence of

the moisture. Particles fall and leave the upper part

clearer, and particles fall to the bottom also. Yet the

principal cause of the thinning change is in the smaller

particles becoming absorbed by the larger ones. The
smaller drops begin to lose their accumulated moisture,

while the larger ones are still increasing in size, growing

at the expense of the gradually diminishing smaller ones.

In the end a comparatively small number of drops have

absorbed the moisture which was previously distributed

* Rilzungslerichte der Berliner .Ikademie der M'issenschaften,

xl., 879.
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over a vast number of particles. The larger particles

have devoured the smaller, and inanimate cloud particles

have been struggling for " the survival of the fittest."

Steam escaping into the air has been observed to be

coloured when seen against the sun. Sometimes in that

case the sun appears like silver (light blue), blue or green.

Mr. Lockyer saw the sun look vivid green through the

steam of a little paddle-boat on Lake Windermere.
Though the shadow of an ordinary steam jet on a white

screen is nearly colourless, yet when it is electrified the

shadow becomes of a dark orange-brown colour.

In studying the subject, Mr. Aitken has enclosed the steam
jets in tubes. For a jet from a nozzle of one millimetre

bore, a tube of seven centimetres diameter and about fifty

centimetres long is employed. The steam nozzle should be

placed outside the tube and a little to one side, so that the

eye can be brought into a line with the axis of the cylinder.

This is a beautiful experiment. When the amount of

steam, dust, and other conditions are properly proportioned,

the colours seen through the tube are very attractive.

With ordinary condensation the colour varies from a fine

green to lovely blues of different depths. The pale blues

equal any sky blue, while the deeper blues are finer than
the dark blues seen in the sky, as they have none of the

cold hardness of the dark sky blues, but have a peculiar

softness and fulness of colours.

Suppose, now, the tube is fitted up pointing to a clouded
sky, and that the steam jet, under slight pressure, is blow-
ing through it. If the exit end of the tube be open, very

little colour is visible ; but if the end of the tube be
partially closed with a glass plate to prevent a draught,

the tube looks as if filled with a transparent coloured gas.

The first decided colour is generally green, then blue of

different shades.

If, now, the number of the dust particles in the tube be
increased, or the pressure of the steam be increased so as

to command some negligent dust particles to seize the

moisture and add to the number of cloud particles, thereby

making the steam more dense, then the colour seen through
the tube also changes. If the colour was green, it now
becomes deep blue ; and if the ordinary condensation gave
blue, the dense condensation (a strange but unavoidable
connection of words) produces a dark yellowish-browu.
But between the blue and the yellow there is always an
intermediate stage, when all colour disappears and the

light is simply very much darkened. Condensation of the

denser kind may be also produced by passing a flash of

electricity through the jet, by a supply of cold air, or by
placing an obstruction in fi-ont of the nozzle ; for there

are five ways of producing a denser form of condensation
of steam.

From this it is seen that the colour produced by the
small drops of water depends on the size of the drops, and
the depth of colour on their number. The most probable
explanation of these colour phenomena is that they are

produced in the same way as the colours in plates, some-
what after the manner Newton thought the colour of the

sky was produced. The order of succession of the colours

in thin plates is the same as in these condensation
phenomena. As no white follows the first blue, it seema
probable that the first order of colours is not observed

;

that the two generally seen are the second and third.

These colour phenomena placed in Mr. Aitken's hands
an easy and simple way of estimating, in a rough but
useful way, the number of dust particles in the air of our
rooms, and sanitary officers might with advantage employ
the convenient apparatus. And Mr. Aitken invented the
koniscope for the purpose. Kmiis is the tiretk for dust,

and shopfu means " I see "; so the instrument is for detecting

the quantity of dust in air by sight—in fact, by the colour

observed in the fog produced in the air by artificial means.
The instrument consists of an air pump and a metal tube

with glass ends (about the size of the one above described in

the experiments). Near one end of ihe test-tube is a passage

by which it communicates with the air-pump, and near
the other end is attached a stopcock for admitting the air

to be tested. Wet blotting-paper is attached to the inside,

to make more uniform the field of colour. The instrument
is not nearly so accurate as the dust-counter, but it is

cheaper, more easily wrought, and more handy for quick

work. All the grades of blue, from what is scarcely visible

to deep black-blue, are attached alongside the tube on
pieces of coloured glass, and opposite these colours are the

numbers of dust particles in the cubic centimetre of the

similar air, as determined by the dust-counter. While
the number of particles was counted by means of the dust-

counter, the depth of blue given by the ko]iiscope was
noted, and the piece of glass of that exact depth of blue

attached. A metal tube was fitted up vertically in the

room in such a way that it could be raised to any desired

height into the impure air near the ceiling, so that supplies

of air of different degrees of impurity might be obtained.

To produce the impurity, the gas was lit and kept burning
during the experiments. The air was drawn down through
the pipe by means of the air-pump of the koniscope, and
it passed through the measuring apparatus of the dust-

counter on its way to the koniscope. It may be remarked
that by a stroke of the air-pump attached to the koniscope,

the air within the test-tube is rarefied and the dust particles

seize the moisture in the super-saturated air to form fog

particles ; through this fog the colour is observed, and the

shade of colour determines the number of dust particles

in the air. When by the dust-counter the number of

dust particles in a cubic centimetre of the air examined
amounted to 50,000, the koniscope indicated that colour

was just visible ; when 80,000 were counted, the depth of

colour was said to be "very pale blue" ; when 500,000,

"pale blue"; when 1,500,000, "fine blue"; when
2,500,000, "deep blue"; and when 4,000,000, "very
deep blue."

When making a sanitary inspection, the pure air should

be examined first, and the colour corresponding to that

should be considered as the normal health colour. Any in-

crease from the depth would indicate that the air was being

gradually contaminated, and the amount of increase in

the depth of colour would indicate the aniotmt of increase

of pollution. Mr. Aitken thinks that the koniscope will

be serviceable for sanitary inspectors for investigating

questions of ventilation in rooms lighted with gas, and for

other purposes.

As an illustration of what this instrument can detect,

he gives this experiment, to show how the pollution taking

place in rooms by open flames may be traced. The room
in which the tests were made was 24 by 17 by 13 feet.

The air was examined before the gas was lighted, and the

colour in the test-tube was very faint, indicating a clear at-

mosphere. In all parts of the room this was found the same.

A small tube was attached to the test-tube, open at the

other end, for taking air from different parts of the room.

Three jets of gas were then lit in the centre of the room,

and observations at once begun with the koniscope.

Within thirty-five seconds of striking the match to light

the gas the products of combustion had extended to the

end of the room ; this was indicated by the colour in the

koniscope suddenly becoming of a deep blue. In four

minutes the deep blue-producing air was got at a distance

of two feet from the ceiling. In ten minutes there was

strong evidence of the pollution all through the room. In
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thirty minutes the impurity at nine feet fi-om the iioor was

very great, the colour being an intensely deep blue.

The wide range of the indications of the instrument,

from pure white to nearly black-blue, makes the estimate

of the impurity very easily taken with it, and as there are

few parts to get out of order, it is hoped it may come into

general use for sanitary work. Mr. Aitken was quite

enchanted with the beautiful colours in his preliminary

experiments, but he is even more pleased at the practical

benefit which the koniscope may effect when thoroughly

adjusted and intelligently used.

THE CLIMATE OF THE CAMBRIAN PERIOD.

By Prof. J. Logan Lobley, F.G.S., &c.

THERE is a widely spread impression that the state

of the surface of the earth and the prevailing

chmatal and atmospheric conditions of pre-

Quaternary geological periods were quite unlike

those that now exist, so much so indeed as to be

altogether unfitted for the human occupation of the planet.

The vast number of extinct organic forms revealed by

palffiontological investigation, and the great divergence of

many from those now living, as well as the late coming in

of new species, have largely contributed to produce this

behef ; but, perhaps, it has been most encouraged by the

fact of the vegetable origin of coal, since it has been

thought necessary by some writers to assume such atmo-

spheric and climatal conditions for the production of the

Carboniferous flora as would be quite inimical to the

existence of man. And yet the records of the rocks

conclusively establish the great fact, that not only in

Tertiary and Secondary times, but also in Palseozoic

times—indeed. La the earhest Palseozoic times—general

inorganic conditions were very similar to those of to-day.

As has been said by a recent writer on fossils, when

referring to distant geological periods, " Flesh and blood

were then what they are now, and fulfilled the same func-

tions. Bones grew then as they grow nowadays. To

those bones were attached muscles, which expanded and

contracted just as muscles do now. Wings were used for

flying, fins and paddles for swimming, legs for walking,

teeth for masticating food, just as they are now. In fact,

these primitive inhabitants of the antique world, however

diflerent in bodily shape from those we see around us now,

lived under the same universal laws of physiology as we

ourselves do."* To this it may be added, that these animals

of the past hved, too, under the same general inorganic

conditions as those in which we have our being.

But this conclusion, most momentous and far-reaching

though it be, seems strangely overlooked by both text-book

and popular writers on geology. It may, therefore, be

well to briefly emphasize the undoubted teaching of the

facts presented by a study of the Cambrian rocks.

These facts are some petrological and some palreonto-

logical.

The Cambrian rocks are not only of vast thickness, but

they form extensive areas both numerous and widely

dispersed. In the British Islands they are conspicuous

in Wales, whence they take their name, in Shropshire,

Cumberland, Scotland, Ireland, and the Isle of Man ; and

on the Continent of Europe we find them in France,

Belgium, Germany, Bohemia, and Spain, and far north in

Sweden and Norway. In the western continent they form

large areas in Canada, Nova Scotia, and the United States
;

and when we turn to the east we see these ancient rocks in

* KeT. H. N. Hutchinson, " Creatures of Other Days," p. 2.

far Cathay, for the Sinisian formation of China was shown
by Richthofen to be of Cambrian age.

These enormous accumulations of marine sediment are

of very diverse character, presenting different lithological

aspects in different areas, and consisting, even in the same
area, of beds of greatly differing rocks. There are great

masses of sandstones, compacted and cemented aggregations

of grains of quartz derived from the destruction of still

older quartzose rocks, and there are also thick beds of

conglomerates made up of pebbles, every one of which has

been a water-rolled angular hard-rock fragment. There

are, too, immense accumulations of argillaceous rocks,

consisting altogether of materials derived ft-om the decom-

position of the felspar of granites or other felspathic

rocks, and there are, moreover, in America, calcareous

rocks, the material of which is the same as that forming

those newer limestones which have been the result of

organic action. Volcanic rocks, in addition, are not

wanting to furnish further evidence of what were the

cosmic conditions of the globe in the Cambrian period.

But over and above all this, there are markings on
Cambrian sandstones identical with those now produced

by waves and ripples on sheltered shores and shallow-

water bottoms, as well as—and these are very significant

—cracks and pittings, only ascribable to the action of the

sun and rain.

Such are, briefly stated, the main petrological facts of

the Cambrian rocks, and from these facts the followng

conclusions may be drawn :

—

Since the whole of the material of which these rocks of

enormous thickness and of diverse mineral character has

been accumulated by the deposition of derived matter on

sea-bottoms exactly as marine sediments are now being

accumulated, it follows that those agencies of Natm-e,

which are the controlling forces of the physical cosmos,

were acting in the same way as at present.

Not only do we see that the matter of the globe was the

same in its chemical combinations and states of aggregation

as now, but that the bulk of the water of the globe was in

a liquid state, and that therefore the temperature over the

greater part of the earth was, as at present, between 82^^

and 212- Fahr.

The derivation of the material of the sediments required

the erosion of land smrfaces by water agency, requiring rain,

which again required the atmosphere to be charged with

varying amounts of water-vapour, increased at one time by
evaporation and at anothertime diminished by condensation.

Thus there was rain that formed streams and rivers on

the land, that wore down and destroyed rocks, the detritus

of which was transported to the sea, in aU respects exactly

as at present. Thus, too, there were alternations of

temperature to produce alternate evaporation and conden-

sation, and those alternations were confined for the most
part within very moderate limits as now.

Clouds, too, would form, wax and wane, and, with

varying densities of aggregation of the watery particles,

assume those beautiful forms we know so well, and float at

various elevations in the atmosphere ; and when these

clouds broke or dissolved, blue skies and bright sunshine

would alternate with shade even as now.

Again, the air would be put in motion by the varying

temperatures, and consequently winds would sweep the land

and ripple the sea, waves would beat upon the shores and

roll rock-fragments into smooth rounded pebbles. These

winds with the rotation of the earth would take the courses

they now have, and so there would be then as now trade-

winds and anti-trades as well as cyclones and hurricanes,

and the monsoons and calms of the tropics. There would

also be ocean currents, that would mingle the waters of the
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Cambrian seas as they now bring the heated waters of the

Gulf of Mexico to the North Atlantic.

StiU further, the sun and moon exerting their attractive

force as now would raise a tidal wave that would in the

narrow seas give with its ebb broad low-water beaches, and
ndth its flow rolling high-water waves to attack the coast-cliff

bases, and still further wear and round the shingle pebbles.

Climate would vary as at present, with latitude and
distribution of land and sea, and so all the conditions

would be present to give graduated temperatm-es analogous

to those that now in various lands range from tropical

heat to Arctic cold.

The seas of the Cambrian period were likewise, as those

of our epoch, some deep and some shallow, for both deep-

water deposits and shallow-water sediments make up the

Cambrian rocks.

And throughout the millenniums of the Cambrian period

night would follow day and day would follow night ;

daylight would lengthen and strengthen, and daylight

would shorten and diminish ; and in the temperate zones

spring, summer, autumn and winter would complete

the year, while in the tropics the rainy seasons and the

dry seasons would alternate as now.
These conclusions might have been drawn from even

the larger and more general phenomena of the Cambrian
rocks, but the beds of water-rolled pebbles, the ripple-

marki/igs, the sun-cracks, and the rain-pittings confirm

such conclusions.

The palitontological evidence—that is, the evidence of

fossils—is as conclusive as the petrological evidence with

respect to the character of the climatal conditions of the

globe prevailing during the period of the deposition of the

Cambrian rocks.

Although in the oldest of the Cambrians of the Long-
mynds of Shropshire and of North Wales the actual

remains of animals are few and obscure, yet the paired or

twin perforations in the sandstones can be none other than
annelid borings, that tell of the existence of sand-worms,
similar to those that abound on our present shores, and
so confirm the evidence of tidal beaches furnished by the

ripple-marks, sun-cracks, and rain-pittings. Casts of

fncoids, too, tell of marine vegetation like that now grow-
ing on sea-bottoms.

But when we examine the Cambrians of Pembrokeshire,

we find remains of Crustacea of large size, and although
the great family, the Trilohitidie, has no representatives in

our present seas, yet trilobites in their general organization

so closely resembled the lobsters and crabs of the present

day that they must have required a generally similar

environment. Dean Buckland long since observed that

the eyes of trilobites indicate that there was the full light

of day when they lived. These wonderful organs of vision

were sessile and compound like those of the common crab,

though the lenses were round instead of hexagonal as in

our crustacean side-walking friend of the sea-shore, but the

facets were so numerous that as many as fifteen thousand
in each eye existed in some cases. Dr. Henry Woodward
thinks the eye of the trilobite may best be compared with
that of Limulux, and that there is an analogous development
of visual organs amongst some of the pelagic Amphipodm,
the Hyperiida, and in a very singular form brought home
by the " Challenger," the Tlmumops pelha-idd.

In other Cambrian rocks, the Lingula Flags, are

abundant remains of Linf/iiIeUn, a genus or sub-genus of

a family of l^rachiopoda now well represented by the
Lini/ula chinensis of eastern Asiatic seas. This is perhaps
a more telling fact than the occurrence of an extinct group
of Crustacea, for not only was the living body of the

animal similar, and therefore suited only to similar general

conditions, but the peculiar thin horny shell of the lingula

of to-day was exactly represented by the shell of the

LmgiilMa Ditvisii of the Lingula Flags, evidencing similar

materials in both the Cambrian and the present sea-waters

of the globe, as well as the same physiological powers for

its extraction and employment by the mollusc.

Perhaps, however, even a still more striking proof of the

general cosmic conditions of the Cambrian period being the

same as those of the present epoch is afl^orded by the

occurrence in Cambrian rocks of species of a family of

Lamellibranohiata, the Arcidns, now abundantly represented

by well-developed and, so to speak, robust species in our

English seas. As I a long time ago pointed out, the

Cambrian Arcida3 and the abundance of members of the

family now, give a conspicuous proof of the marvellous

continuity of biomorphic types, or general organic form
and structure, from early geologic times to the present

;

and that great as is the generally interesting character of

this wonderful fact in itself, its significance or indirect

teaching is exceedingly great also, for it clearly indicates

the continuity of general inorganic conditions which must
have existed to allow of the uninterrupted succession of

generally similar organisms, all requiring, therefore, a

generally similar environment for their existence and
welfare, as well as for the development of the type.

From the abundant evidence thus afforded of marine
organic existence living in Cambrian times as it does

to-day, we cannot doubt that the composition and density

of the water of the sea were practically the same as now,
and that both the sea and the atmosphere had the same
relations to light, the same optic powers—the same
absorptive, refractive, and reflective powers—as now.
The teachings, therefore, of stratigraphical geology, both

petrological and palieontological, tell us in no uncertain

way that the general inorganic conditions on the surface

of the globe were during the Cambrian period very much
the same as they are to-day. So clear and unmistakable

is the evidence that we can with great confidence picture

to ourselves the ancient Cambrian world.

We can see, as it were, its lands and its seas, its spread-

ing plains and elevated uplands, and its broad and deep

seas, with their shallower bays and gulfs. On the land,

too, are rushing torrents, rippling streams, and larger and
smoother flowing rivers, carrying eroded material to the

Cambrian ocean, fringed by sandy shores and shingly

beaches. And the sky above is now an unblemished azure,

now flecked with cirrus, and now dark with nimbus. Rain
falls, winds blow, tides ebb and flow, and we can see the

broad expanse of waters in their calm majesty or angry
with storm and tempest rolling mighty waves upon the

Cambrian strand, and we can think of the millions of

splendid sunrisings and gorgeous sunsets, and almost feel

the heat of the noontide summer sun or the cold of the

midwinter night.

We can even look through the clear salt water on to the

ocean bed, and see the groves of algse, with the trilobites

and molluscs peopling those ancient seas, whUe along

their coasts volcanic fires at intervals break forth, and
lavas are outpoured that cover the surrounding rocks with
basaltic or trachytic coatings.

But save for these volcanic outbursts, the crash of

thunder, and the roar of wind and wave, a silent world it

was. No lowing herds or roaring beasts of prey were on
the land, and no birds sang their songs either on tree-top

or high upon the wing. And how desolate was the un-

navigated sea, for whales and porpoises, seals and sharks,

and flying-fishes were not in its waters, and no sea-bird's

mew was heard, for no stormy petrel, gull, or penguin was
upon its surface.
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This is no fancy picture of a world of the imagination,

but a picture of an actual world, a world that has been, a

world that lasted millions of years, and a worlil that,

unlike the airy fabric of a vision, has left many wrecks
behind.

THE FACE OF THE SKY FOR NOVEMBER.
By Herbert Sadler, F.R.A.S.

SUNSPOTS and faculse show few signs of decrease.

Conveniently observable minima of Algol occur at

Oh. 11m. A.M. on the 8th, 9h. Om. p.m. on the 10th,

.5h. 49m. P.M. on the 13th, and lOh. 42m. p.m. on
the 30 th.

Mercury is not favourably situated for observation during

the first half of the month, being too near the Sun. After

this date his position rapidly improves. On the 19th he

rises at 5h. 47m. a.m., or Ih. 40m. before the Sun, with a

southern declination of 12° .54', and an apparent diameter

of 8'2", -Tos'iis of the disc being illuminated. On the

24th he rises at 5h. 37m. a.m., or nearly two hours before

the Sun, with a southern declination of 13° 30', and an

apparent diameter of 7-0", about half the disc being

illuminated. On the 29th he rises at 5h. 43m. a.m., or

two hours before the Sun, with a southern declination of

15° 16', and an apparent diameter of G^", //o^'^^ o^ ^^^

disc being illuminated. He is at his greatest western

elongation (20°) on the afternoon of the 27th. There will

be a transit of the planet across the Sun's disc on the

afternoon of the 10th, unfortunately under very unfavour-

able conditions for observation in England, though things

improve as we go west. At Greenwich external contact at

ingress takes place at 3h. 55m. lOs. p.m., at an angle for

direct image of 98° from the North Pole towards the east,

and internal contact at 3h. 57m. 23s. The Sun sets at

4h. 16m. P.M. While visible Mercury describes a direct

path in Libra, being near /n on the 23rd.

Venus is too near the Sun for observation in November.

She is in superior conjunction with the Sun on the 30th.

Mars is an evening star, and is admirably situated

for observation. He rises on the 1st at 4h. 3m. p.m., with

a northern declination of 7° 59', and an apparent diameter

of 20-2", the phase on the n f limb only amounting to 0-2".

On the 7th he rises at 3h. 30m. p.m., with a northern

declination of 7° 51', and an apparent diameter of 19-3",

the phase amounting to 0-3'. On the 12th he rises at

3h. 10m. p.m., with a northern declination of 7° 51', and
an apparent diameter of 18'4", the phase amounting to

about 0-5". On the 19th he rises at 2h. 40ai. p.m., with

a northern declination of 8° 1', and an apparent diameter

of 175:", the phase amounting to about 0-7". On the 26th

he rises at 2h. 10m. p.m., with a northern declination of

8° 23', and an apparent diameter of 15j", the phase

amounting to 0-9". On the 30th he rises at about Ih. 55m.
P.M., with a northern declination of 8° 40', and an apparent

diameter of 15^", the phase amounting to nearly 1". Mars
is stationary among the stars on the 22nd, and during the

first three weeks of November pursues a short retrograde

path to the west of Piscium ; after that, he retraces his

steps.

Jupiter is an evening star in the sense of rising before

midnight. He rises on the 1st at 7h. SOm. p.m., or nearly

3h. after sunset, with a northern declination of 22° 59',

and an apparent equatorial diameter of 43". On the 6th

he rises at 7h. 8m. p.m , or 2|h. after sunset, with a

northern declination of 23° 0', and an apparent equatorial

diameter of 43-1". On the 12th he rises at 6h. 42m.
P.M., with a northern declination of 23° 1', and an apparent

equatorial diameter of 44i". On the 19th he rises at

6h. 12m. P.M., with a northern declination of 23° 3', and an
apparent equatorial diameter of 45-1". On the 30th he

rises at 5h. 25m. p.m., or Hh. after sunset, with a northern

declination of 23° 7', and an apparent equatorial diameter

of 40". Puring the month he pursues a short retrograde

path in Gemini, to the north of fi and i; Geminorum.
The following phenomena of the satellites occur while the

Sun is 8° below and Jupiter 8° above the horizon :—On
the 1st an occultation reappearance of the second satellite

at 9h. 11m. p.m. Oa the 2nd a transit ingress of the

shadow of the first satellite at 4h. 36m. a.m. ; a transit

ingress of the satellite at 5h. 41m. a.m. On the Brd an

eclipse disappearance of the first satellite at Ih. 45m. 59?.

A.M.; its occultation reappearance at 5h. 4m. a.m.; a transit

ingress of the shadow of the first satellite at llh. 4m.
P.M. On the 4th a transit ingress of the first satellite at

Oh. 8m. A.M., a transit egress of its shadow at Ih. 20m.
A.M., a transit egress of its shadow at 2h. 24m. a.m. ; an
eclipse disappearance of the third satellite at 5h. lOm. 18s.

A.M. ; an occultation reapearanoe of the first satellite at

llh. 31m. P.M. On the 5th an eclipse disappearance of

the second satellite at 5h. 42m. 7s. a.m. ; a transit egress

of the second satellite at 8h. 51m. p.m. On the 6th a

transit ingress of the second satellite at llh. 50m. p.m.

On the 7th a transit ingress of the second satellite at

Ih. 63m. P.M., a transit egress of its shadow at 2h. 25m.
a.m. ; a transit egress of the satellite itself at 4h. 29m. a.m.

;

a transit egress of the shadow of the third satellite at

lOh. Om. p.m., a transit ingress of the satellite itself at

llh. 19m. P.M. On the 8th a transit egress of the third

satellite at 2h. 7m. a.m. ; an occultation reappearance of

the second sateUite at llh. 33m. p.m. At midnight oa the

lOth a lOi magnitude star will be between the second

satellite and the planet, 1^' ./' Jupiter and 2' north. On
the 11th a transit ingress of the shadow of the first satellite

at Oh. 58m. a.m., a transit ingress of the satellite at Ih. 55m.

A.M., a transit egress of the shadow at 3h. 14m. a.m., a

transit egress of the satellite at 4h. 11m. a.m., and an

eclipse disappearance of the first satellite at lOh. 8m. 10s.

P.M. On the 12th an occultation reappearance of the first

satellite at Ih. 19m. a.m. ; a transit ingress of the first

sateUite at 8h. 22m. p.m., a transit egress of its shadow at

9h. 42m. P.M., and a transit egress of the satellite at

lOh. 38m. P.M. On the 14th a transit ingress of the

shadow of the second satellite at 2h. 25m. a.m., a transit

ingress of the satellite at 4h. 13m. a.m., a transit egress of

its shadow at 5h. Om. a.m. ; a transit ingress of the shadow

of the third satellite at llh. 17m. p.m. On the 15th a

transit egress of the shadow of the third satellite at 2h. Om.

A.M., a transit ingress of the satellite at 2h. 50m. a.m., and

its transit egress at 5h. 37m. a.m. ; an eclipse disappearance

of the second satellite at 9h. 35m. 21s. p.m. On the 16th

an occultation reappearance of the second satellite at

Ih. 54m. a.m. On the 17th an eclipse disappearance of

the first satellite at 5h. 33m. 31s. a.m. ; a transit egress of

the second satellite at 7h. 59m. p.m. On the 18th a

transit ingress of the shadow of the first satellite at

2h. 52m. a.m., a transit ingress of the satellite at 3h. 42m.

A.M., a transit egress of the shadow at 5h. 8m. a.m , and of

the satellite at 5h. 58m. a.m. At midnight on the iHth

a 10^ magnitude star will be between the second

satellite and the planet, i' p Jupiter and 20" north.

On the 19th an eclipse disappearance of the first satellite

at Oh. 2m. Is. a.m., its occultation reappearance at

3h. 5m. A.M., a transit ingress of tho shadow of the

satellite at 9h. 20m. p.m., a transit ingress of the satellite

itself at lOh. 8m. p.m., and a transit egress of its

shadow at llh. 36m. p.m. On the 20th a transit egress
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of the shadow of the first satellite at Oh. 2-tm. a.m.,

and its occultation reappearance at 9h. 31m. p.m. On
the 21st a transit ingress of the shadow of the second
satellite at .5h. Om. a.m., a transit ingress of the satellite

itself at 6h. 32m. a.m. On the 22nd a transit ingress of

the shadow of the third satellite at 3h. 15m. a.m., its

transit egi'ess at 6h. Om. a.m., and a transit ingress of the

satellite at 6h. 15m. a.m. On the 22nd at midnight a

lOi magnitude star will be 1-6' p and 1-7' south of the

planet, between the third satellite and Jupiter. On the

23rd an eclipse disappearance of the second satellite at

Oh. 10m. 84s. a.m., and its occultation reappearance at

4h. 12m. A.M. On the 24th a transit ingress of the

second satellite at 7h. 40m. p.m., a transit egress of its

shadow at 8h. 58m. p.m., a transit egress of the satellite

at lOh. 17m. i>.m. At midnight a 10^ magnitude star will

be 70' }> .Jupiter and 20" north, being between the second
and third satellites, and closely p the second. On the

25th a transit ingress of the shadow of the first satellite

at 4h. 46m. a.m., and of the satellite itself at oh. 27m. a.m.
;

an eclipse reappearance of the third sateUite at

7h. 42m. 47s. p.m., its occultation disappearance at 7h. 43m.
P.M., and its occultation reappearance at lOh. 31m. p.m.

On the 26th an eeUpse disappearance of the first satellite

at Ih. 55m. 59s. a.m., and its occultation reappearance at

4h. 50m. A.M. ; a transit ingress of the shadow of the first

satellite at llh. 14m. p.m., and of the satellite itself at

llh. 58m. P.M. At midnight a 10^ magnitude star will be
!•!' p and 1-1' south of Jupiter, between the fom-th
satellite and the planet. On the 27th a transit egress of

the shadow of the first satellite at Ih. 30m. a.m., and of

the satellite itself at 2h. 9m. a.m.; an eclipse disappearance
of the first sateUite at 8h. 24m. 27s. p.m., and its occulta-

tion reappearance at llh. 16m. p.m. At midnight an S'5
magnitude star will be f ' p the fourth satellite. On the
28th a transit egress of the shadow of the first satellite

at7h. 59m. p.m., and of the satellite itself at 8h. 85m. p.m.

At about lOh. p.m. on the 29th a 10^ magnitude star will

be centrally occulted by the planet'. On the 30th an
eclipse disappearance of the second sateUite at

2h. 45m. 4os. a.m., and its reappearance from occultation

at Gh. 28m. a.m.

Both Saturn and Uranus are, for the observer's purposes,
invisible.

Neptune is an evening star, and is very well situated for

observation. On the 1st he rises at 6h. 10m. p.m., with a
northern declination of 21= 8', and an apparent diameter of
2-7". On the 30th he rises at 4h. 17m. p.m., with a northern
declination of 21= 2'. During November he pursues a
retrograde path in Taurus, from the south to the south-
west of t Tauri. A map of the small stars near his path
will be found in the Emjlish Mechmiic for September 7th,

1894. At the beginning of the month he is only about
20' south of L Tauri.

November is a very favourable month for shooting stars.

The most marked displays are the Leonids on November
13th and 14th, the radiant point being in E.A. lOh. Om.,
and northern declination 23°. The radiant point rises at
about lOh. 15m. a.m., but the :\Ioon will be full at the
time. The Andromedas occur on the 27th, the radiant point
being in R.A. Ih. 40m., and northern declination 43°.

The Moon enters her first quarter at 3h. 16m. p.m. on the
5th ; is fuU at 7h. 49m. a.m. on the 13th ; enters her last

quarter at 2h. Sm. a.m. on the 20th ; and is new at

8h. 54m. A.M. on the 27th. She is in apogee at lOh. p.m.

on the 4th (distance from the earth 251,820 mOes), and
in perigee at 8h. p.m. on the 16th (distance from the
earth 228,190 mUes). At 4h. 29m. p.m. on the 7th (8m.
after sunset) the 6»- magnitude star 70 Aquarii wUl dis-

appear at an angle of 42°, and reappear at 5h. 42m. p.m.

at an angle of 254^". On the evening of the 13th the full

Moon will pass through the Pleiades. At 7h. 38m. p.m.

the 4^ magnitude star 23 Tauri (Merope) will make a near

approach (8' distance) to the northern limb at an angle

of 336° ; at 8h. 9m. p.m. the 3rd magnitude star r^ Tauri

(Alcyone) will make a near approach (5' distance) to the

northern limb at an angle of 336°
; at 8h. 29m. p.m. the 3J

magnitude star 27 Tauri (Atlas) will disappear at an angle

of 21°, and reappear at 9h. 14m. p.m. at an angle of 290°;

at 8h. 50m. p.m. the 5i magnitude star 28 Tauri (Pleione)

will disappear at an angle of 347°, and reappear 13m.
later at an angle of 324°. At 7h. 9m. p.m. on the 15th
the 4| magnitude star 136 Tauri wUl disappear at an
angle of 119=, and reappear at 7h. 50m. p.m. at an angle

of 224°. At Oh. 3m. a.m. on the 17th the 5i magnitude
star 47 Geminorum will disappear at an angle of 162=, and
reappear at Ih. 6m. a.m. at an angle of 249°. At 2h. Om.
a.m. on the 20th the 6\ magnitude star 84 Leonis wUI dis-

appear at an angle of 159°, and reappear at 2h. 40m. a.m.

at an angle of 251°. At 5h. 57m. a.m. on the 23rd the

5| magnitude star B.A.C. 4531 wiU make a near approach

at an angle of 214°.

Ci^ess Colttmn.

By 0. D. LooooK, B.A.Oxon.

CoMMTTNioATioNs for thls oolumn should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

Solution of Problem (B. G. Laws).

Key-move.—1. K to Kt4.

If 1. ... K to K5, 2. Q to B2ch.
1. ... K to K3, 2. Q to B6ch.
1. ... P to K3, 2. Q to Qsqch.
1. ... K to Q5, etc. 2. Q to Q7ch.

CoRKECT Solutions received from W. Willby, H. S.
Brandreth, H. F. Culmer, A. G. Fellows, White Knight.

Solution of Conditional Problem (W. De Morgan).

Key-move.—1. B to K7.

If 1. . . . ExE, 2. B to B8, and 3. Kt to R6.
1. . . . R to Q3, 2. B to B8, Kt x Kt, 3. B x Kt.

1. ... E to KB3, 2. E X Kt mate.

1. . . . ExB, 2. E toKB6mate.
^Had there been no White Pawn at QE3, Black could

play E to Kt3, threatening Kt to E6ch.]

CoRBECT SoLiTiox received from W. Willby.

,/. J. A.—Your solution to No. 1 arrived too late to

acknowledge last month. The other solution was in-

correct.

J. E. Gore.—Thanks for the problems. In No. 1 the
key is too obvious, the piece moved being obviously useless

where it stands. Could you not find a better key ? The
Pawn at Kt5 seems unnecessary. No. 2 is clearly solved

in one move by 1. Kt to B5ch. There is no solution in

two moves, on account of the check of the Black Rook.
Of course a second key is a fatal defect. The problem
referred to was inserted without due examination.

A. C. Challewjer.—The problems received are good as
usual. We shaU be glad to pubUsh them shortly.

A. G. Fellows.—Many thanks for the two problems,
which wUl probably appear in the next number but one.

It is to be feared, however, that most of our solvers will

I think them too diflicult to attempt.
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PROBLEM.
By Mrs. W. J. Baird.

Black (5).

White (6).

White mates in three moves.

PROBLEM.
By C. D. LococK.

(A modification of one by Mrs. Baird.)
Black (3).

9 9 ^^ ^P
m. ^P mM, ^P

White (7).

White mates in two moves.

PAWNS AND THEIR WEAKNESSES.
As it is probable that the majority of match games won

by one first-class player from another depend for their

result on the weakness of one or more Pawns, it may be

worth while to consider briefly the particular weaknesses

to which all Pawns are more or less liable. Such
weaknesses may be either temporary or permanent. To
the latter category belong Pawns by their positioti liable to

capture, and especially

—

I. Isolated Pau-ns.—The weakness here is obvious. A
Pawn which cannot be supported by another Pawn is

evidently subject to the concentrated attack of hostile

pieces. The disease is aggi-avated if the opponent has no

Pawn on the same file ; for he can use the open file to

double his Rooks on the Pawn in front, preventing its

advance meanwhile either by blocking it with a piece, or

by means of Pawns on the adjacent files. Doubled and

isolated Pawns are usually indefensible, the owner being

unable to defend them from behind with his Rooks. Of

course, an isolated Pawn may be strong through the

accidental pecuharities of the position. This is often the

case with a well-supported Pawn at K5 or Q6, when the

opponent's QP is unmoved ; but cateris paribus, and

especially in an end-game, isolation in Pawns is a

dangerous and usually incurable disease.

II. Pauns too far odvanced. — Another generally per-

manent weakness, for the Pawns cannot retrace their steps,

though in some cases it may be possible for adjacent

Pawns to advance to their support. The weakness of

advanced Pawns lies in their inability to advance further

if attacked. Even if they cannot be captured they can be
broken up and exchanged by the adverse Pawns, the

opponent having the power of choosing his own time for

the operation. If the advanced Pawn be a passed Pawn
and well supported, of course the case is different ; or if all

the Pawns on that wing are completely blocked. In that

case the advanced Pawns have usually the best position

owing to the cramping effect which they exercise. More-
over, in an end-game a piece may be sacrificed for one of

the opposing Pawns, in order to queen the advanced Pawn.
In a certain sense it may be stated that eeeri/ moved

Pawn is weaker than if it stood on its original square, for

it loses the powerful option of moving either one or two
squares, according to circumstances ; but this axiom
cannot, of course, be pushed to extremes.

{To lie concluded
.)

CHESS INTELLIGENCE.
Mr. Lasker is now in England, and has been giving

simultaneous performances at various clubs. He has
written to Mr. Steinitz announcing that his engagements
do not permit him to play the much discussed return

match till next October. The year's interval will, of

course, be all in favour of the younger player. While
Mr. Lasker was in Leipsic, attempts were made to arrange

a match between him and Dr. Tarrasch ; but Mr. Lasker

very naturally replied that he could not engage in any
match of importance untO after his return match with

Mr. Steinitz.

It is stated, on the authority of the Liverpool players

themselves, that they are more than likely to lose their

correspondence match with Mr. Steinitz. One game they

have apparently given up as lost, and would not be sorry

to draw the other, in which they seemed at one time to

have some attack.

A match at Glasgow between the Liverpool and Glasgow
Chess Clubs resulted in a win for Liverpool by G^ to 4|,

one game being left undecided.
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THE MYSTERIOUS BIRDS OF PATAGONIA.

By R. Lydekker, B.A.Cantab., F.R.S.

IF
I were asked to name one country more than another

where there is a probability that unknown types of

the higher vertebrates await discovery by the explorer

or the naturahst, I should at once indicate the wilds

of the iuterior of Patagonia. Still inhabited by

wild and blood-thirsty Indians, and possessing a winter

climate of especial severity, many of these districts are

practically unlmown to Europeans, while to the naturalist

they are a veritable trrm incui/nita. As a result of this

freedom from European intrusion, the rhea, or South
American ostrich, together with the vicuna, the Patagouian

cavy, and the pampas-deer, all of which are on the verge

of extermination from the pampas of the Argentine, still

flourish in large numbers on the plains and mountains of

Patagonia. Even this remote country is, however, slowly

yielding to the advance of civilization, and large areas in

the Chubut district and on the Rio Negro are already in the

hands of the sheep-farmer ; so that ere long we may expect

the same destruction to overtake the native animal life

which has already befallen that of the Argentine pampas.
It, therefore, behoves the natm'alist to use every eflbrt to

secure specimens of such animals as may prove to be new
before they are swept away by the relentless hand of

man.

That there may be new species of opossums, if not of

other kinds of marsupials, as well as rodents, in Patagonia

is, I think, highly probable ; but what I wish to lay before

my readers in the present communication is the evidence

in favour of the existence in the interior of the country of

a small bird more or less closely allied to the rheas, or

South American ostriches, which are exclusively character-

istic of the continent from which they take their name. Up
to the present, European naturalists have had no suspicion

of the existence of the bird in question ; and since the

ostriches and their allies form a group of especial interest

both to the anatomist and to the student of the geographical

distribution of animals, the discovery of a new species, if

not a new genus, would be one of the most important

events in the history of modern ornithology. I say n-otdd

be with a purpose, because, unfortunately, we have no
actual specimen of this presumed new bird, which is at

present only known to us tangibly by a single egg.

Before proceeding further, it is advisable to make brief

mention of the known existing representatives of the

ostrich-like birds, all of which are characterized by the

want of the power of flight, and the absence of a keel on

the front of the breast-bone. From the latter feature, the

group to which they belong is scientifically known as the

Piiitita (from riitis, a flat-bottomed boat), in contradis-

tinction to the CaiinntcB (carina, a keel), which include

(he whole of the remaining birds of the present day.

Commencing with the Australian and New Zealand

representatives of the group, we have first of all the

diminutive kiwis {Apteri/.r) of the latter country, dis-

tinguished from all their kindred not only by their small

dimensions, but likewise by their elongated and slender

bill, adapted for probing in soft ground for insect-food.

As a physiological peculiarity of the kiwis may be men-
tioned the enormous relative size of their eggs, which

appear nearly half as large as the bodies of the birds by

whom they are laid.

Another group is formed by the cassowaries (Casuariits)

and emeus (Dihiikbus), the former of which range over the

Papuan islands and the northern part of AustraUa, while

the latter are exclusively Australian. Both these kinds of

birds are characterized by the feathers (which are more or

less hair-like in structure) being apparently double, owing

to the circumstance that the secondary or after-shaft of each

is as large as the main shaft. They also possess the common
feature of laying eggs of a dark green colour, with the

surface of the shell peculiarly roughened. The cassowaries,

of which there are nine or ten species, differ from the two
kinds of emeu by the horny helmet crowning the head, by

the great elongation of the innermost of the three toes, and
by some portion of the neck bemg bare, and generally

ornamented by pendant fleshy wattles.

As the emeus and cassowaries form one well-marked

group of the ratite birds, so the ostrich and the rheas

constitute a second section ; the latter section being

distinguished by the normal structure of the feathers, and
the light colour and smooth surface of the shell of the egg.

Towering high above his kindred, the African ostrich

(Struthio) not only exceeds all other existing birds in height,

but differs from the whole of the other members of the

avian class, both recent and extinct, Ln the reduction of the

number of toes on each foot to two. Now although English

residents in South America, with that pertinacity for

applying Old World names to New "World animals for

which they are so distinguished, will insist on calling

rheas ostriches, the circumstance that they have three

instead of two toes clearly shows that they have no right to

that title. Rheas are represented by three species, namely
the common rhea [Ehca aimrkuna i, of which the eggs are
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pale straw-yellow when first laid ; the long-beaked rhea

fR. macrorhyncha ) , which is perhaps only a variety of the

latter; and Darwin's rhea ^Ji. tiancini), distingmshed by

laying eggs of a very pale sea-green colour. Occasionally

wholly white rheas are'met with, but these are probably

only albino individuals of the ordinary species. A strikingly

handsome bird in its plumage of black and grey, the male

rhea stands about four feet in height. The egg is a nearly

symmetrical oval, with the ends usually pointed, and the

longer diameter about six and a quarter, and the shorter

three and three-quarter inches, the shell being marked by

a number of small punctures. Occasionally, however,

specimens are met with in which the form is more

rounded.
From the foregoing observations it will be seen that the

ratite birds of the present day, hitherto described, are

included in only five genera, and that, with the exception

of Australia, no country is the home of more than a

single genus ; while all, save the kiwis, are birds of large

size.

Turnmg now to the evidence in favour of the existence

of a hitherto unknown diminutive representative of the

group in Patagonia, it may be mentioned in the first place

that the whole of the information in regard to it has been

Egg of the Dwarf Rhea. From tlie only known specimen, pr

at La Plata. Natural size.

supplied to me by Dr. H. P. Moreno, the learned director

of the museum at La Plata, to whom I am indebted for

the photograph of the egg herewith given. That gentleman

tells me that, when exploring some years ago in the interior

of Patagouia, he saw numbers of small flightless birds

which.he at first took to be young rheas. Struck, however,

by seeing numerous parties of these birds, as well as by the

absence among them of any of the ordinary rheas which

might be their parents, he was soon led to discard this

view. On asking the Indians by whom he was accompanied

whether they knew the bu-ds, Dr. Moreno was informed

that they were perfectly familiar with them, and knew
them to be a small kind of rhea. Being unfortunately

unable to obtain specimens. Dr. Moreno on his return

asked a friend, who had travelled in the same district,

whether he had any knowledge of the birds. The reply

was that, not only did he know them well and had often

seen them, but that he actually had in his possession

an egg which he had picked up. Naturally anxious to

obtain such a treasure. Dr. Moreno asked if his friend

would present the egg to the museum— a request which
was promptly and graciously granted. From that time

(some ten years ago) tOl the present day, that priceless

and unique specimen has lain undescribed in the La Plata

Museum, and the readers of Knowledge have consequently

the pleasure of being the first to see a published figure.

I am glad to be able to add that a beautiful wax-model has

been prepared for me, which will, in due course, be handed
over to the Natural History Museum.

The specimen is entire, that is to say the contents have

been dried up by exposure, and now form a hard substance

which rattles when the shell is shaken. In form it is a

short oval, with blunt ends, the longer diameter being three

and a half, and the shorter nearly two and three-quarter

inches. As shown in the photograph, the shell is marked
by a number of small punctures, as in the egg of the

common rhea ; and the original colour was probably

yellowish-white, although the shell is now stained dark in

several places from contact with the soil. The shell is very

strong and thick, and the

egg bears all the indications of

having been laid by an adult

bird ; while its perfect sym-
metry indicates that it is not

an abnormally small egg of an
ordinary rhea.

That the specimen is not the

egg of any known South Ameri-

can bird may (on the assumption

that it is a normal and full-sized

eiample) be regarded as certain
;

while all its characters point to

its being the egg of a ratite

bird. This being so, and taking

into account the statement of

two independent European wit-

nesses as to their having seen

small rhea-like bu-ds, which were
perfectly well known to the

Indians as adults, the presump-
tion of the existence in Pata-

gonia of a ratite of the approxi-

mate dimensions of a kiwi

becomes so strong as to amount
almost to a certainty. A
further presumption is that

this unknown bird is allied

more or less closely to the

rheas, but whether it belongs to

the same genus cannot be ascertained imtil the acquisition

of actual specimens. In the meantime I think we may
provisionally call this unknown bird the dwarf rhea, or,

scientifically, Bhea nana, although it is quite possible that

it may represent a genus by itself.

This is at present all the available information concerning

the mysterious bird of Patagonia, and one of my objects in

noticing the unique egg in a popular publication like

KN0WI.EDGE is the hope that all my readers who have

friends or relations in Patagonia may do all in their power

to stimulate them to use every effort to obtain a specimen

of the creature itself. If this should ever be accomplished,

what is now to a great extent hypothesis would be converted

into a certainty, and zoological science would be enriched

by a most important addition.

"Served in tlie Museum
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THE RISE OF ORGANIC CHEMISTRY.

By Vaughan Cornish, M.Sc, P.C.S.

ORGANIC chemistry, the study of the hydro-carbons

and their derivatives, is a science of the present

century. Some of the technical processes con-

nected with the preparation of organic substances

are, however, of very ancient origin—brewiiig^Jor

instance, and the art of soap-making. It is the scientific

aspect of the subject with which we are concerned in the

present article, and which occupies the greater part of

Prof. Smithells' new and enlarged edition of Schorlemmer's

"Rise and Development of Organic Chemistry."

Lavoisier showed that the decomposition of sugar by

fermentation proceeds according to the conditions of the

law of conservation of mass, the carbonic acid and alcohol

produced being equal in weight to the sugar from which

they are formed. Early in the present century the

Swedish chemist, Berzelius, showed that the composition of

organic substances conforms to the laws of constant

proportions and of multiple proportions, which Dalton and
others had shown to be characteristic of mineral compounds.
The way was now paved for the recognition of the study of

organic materials as a part of the domain of chemistry con-

forming to the same laws as those which govern the chemical

properties of mineral substances. Research in the organic

branch of chemistry was immensely facilitated by Liebig's

work in perfecting the principal process of organic analysis,

the well-known " combustion " which is still the pons

asinonim of the student's laboratory course. From Liebig's

time the progress of organic chemistry has been marvellously

rapid. The compounds of carbon are, for the most part, so

"reactive" that the labour of the investigator is quickly

rewarded by the production of some novel substance—often

useful or curious—the discovery of which leads in its turn

to the production of other bodies related to, but differing

from it. The binding element in the majority of these is

carbon. The carbon atoms seem to have an almost

unlimited capacity for catching hold of and hanging on to

one another, and at the same time they retain their hold

upon one or more atoms of other elements with which they

have been associated. Thus, in the laboratory of the plant

or animal body, and in the laboratory of the chemist, are

built up compounds of almost infinite complexity, though
containing for the most part but few of the chemical

elements. Carbon is present in all, hydrogen in almost

all, and oxygen in a majority of cases. Nitrogen occxirs

frequently, and the other elements in smaller quantity and
comparatively seldom. The known hydro-carbons

—

i.e.,

compounds containing only hydrogen and carbon—number
four hundred, whilst few of the elements except carbon

combine in more than two or three proportions with

hydrogen.
The total number of carbon compounds is said greatly

to exceed that of all the other known chemical substances.

Among the organic bodies which have been produced in

the laboratory are many useful drugs and invaluable

anaesthetics ; dyes, of which many are brilliant and some
are beautiful ; and powerful explosives, the discovery of

which has probably proved beneficial to manufacturers of

war material. But in the limits of this article we must
not diverge from science to technology.

The facility with which chemists can transmute one

carbon compound into another has led to great develop-

ments in our knowledge of the mechanism of chemical

reactions, and of the chemical structure of substances.

Chemical formulie, from expressing merely the quantitative

composition of compounds, were soon used to express

the methods of formation and decomposition of organic

substances. As knowledge advanced it was seen that the

formulffi could be made to indicate the way in which the

atoms were united one to another. It appeared from the

study of organic chemistry that the attraction or union of

an atom is not so much with all the rest of the molecule

as with some neighbouring atom with which it is closely

united or related. The iirnjildc forwuhe, with which modern
chemical books are full, express, symbolically, the order or

arrangement in which the atoms of the compound molecule

are boun(lo^ linked together. To such perfection has

the symbolical expc^sion of the constitution of organic

substances been brought, that the manipulation of these

symbols often furnishes' a valuable guide in the prosecution

of new researches. No mode of expressing graphically -m

paper the composition of a molecule can, however, be

expected to be quite satisfactory if it fails to take account

of the fact that the atoms of a molecule are not all

distributed, and do not all move, in one plane. The
ordinary graphic formula of the text-book has the same
faults as, say, the Bayeux tapestry, or a Chinese battle

picture—it takes no account of perspective. The more
recent use of nhjptic symbols (which look like outlined

figures of crystal form), or of actual models, is an im-

portant extension of this domain of scientific symbolism.

We must explain shortly how these developments have

come about. The study of carbon compounds led to

the discovery of isomerk bodies which differ in their

properties, although their analytical composition is identical.

These differences must, it seems, be explained on the

supposition of a different grouping of the chemical atoms,

and the phenomena of isomerism are to be classed along

with those of allotropy, which are exhibited by several

elementary substances, notably by carbon itself (vide

Knowledge, 1892, "Carbon"). In the case of carbon

compounds, it was found possible in many cases to express

these differences by the graphic formulte referred to above.

Thus, there are two substances of very different properties,

the percentage composition of which is expressed by the

formula CoHgCU—the symbols C, H, and CI standing for

weights of carbon, hydrogen, and chlorine, proportional

to the weights of the atoms of these bodies. It was found

that in one of the two substances whose composition is

expressed as above, both chlorine atoms were bound up to

the same carbon atom, whereas in the other the reactions

showed that each carbon atom was m intimate connection

with only one atom of chlorine. These facts are symbolized

as follows :— H H
1 I

H—C—

H

H—C—CI

I

and
I

Ci_C—CI H—C—CI

But these graphic symbols are insufficient to explain some

cases of isomerism. For such cases it is useful, instead

of using the symbol —C— , to represent the carbon atom

by a tetrahedron.
[

This symbol expresses the essential fact that the

carbon atom has a fourfold power of union with other

atoms, and we symbolically express the

union by attachment to the corners of the

figure. It is generally sufficient for the

purpose in view if one or two carbon

atoms are thus fully represented, the

ordinary symbol being employed to show

the functions of the other carbon atoms. The two sub-

stances, fumaric acid and maleic acid, have the molecular
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composition C^H^O, , and the study of their reactions

shows that each has two groups COjH, in which the

hydrogen is bound to carbon only through the connecting

link of the oxygen atom, whereas the remaining two
hydrogen atoms are united directly to carbon. Two
graphic representations may be made, which in a condensed
form appear thus

—

COjH . CH . CH . CO„H
and -,rT p _^_^ CO„H

The latter symbol would indicate that two COoH groups
are united to one carbon atom. The reactions of the

substance so represented are, however, altogether against

this supposition, and the graphic representation therefore

fails. If, however, we represent the functions of two of

the carbon atoms more fully by symbolizing these atoms as

tetrahedra, we can represent very well the observed

differences in the two acids, by taking account of the

arrangement in the solid instead of regarding the apparent

arrangement on the flat. In the symbols given below, the

dotted lines of the tetrahedra indicate those edges which
would be invisible if we were dealing with a wooden model,
or with an opaque crystal of the same form.

FuMAEic Acid. Maleic Acid.

COoH

CO.,H

CO„H

CO„H

A class of bodies which it is difficult to represent by any
symbol are those known as tautomeric, in which one or
more atoms appear to be in a state of alternating allegiance

towards their more powerful neighbours. The hydrogen
atom, which is the lightest and probably the fastest mover
in the dance of atomic vibration, seems in some cases to

have certain peculiar privileges of motion within the mole-
cule, so that at successive moments it may be joined up to

different atoms.

In the work of synthesizing or building up compounds
which occur in Nature, the organic chemists soon out-

stripped their "inorganic " brethren. Lately, however, the
French representatives of inorganic chemistry have again
recovered the lead, and the diamond has been made, while
starch and the albuminoids are still beyond the creative

powers of the chemist. The early feats of organic synthesis
were haOed as a triumph over the old belief in a mysterious
litdl force. All substances produced in the life-processes

of animals and plants were supposed to owe their existence

to the mysterious agencies of life, and to be inimitable by
the chemic art. The synthesis of a host of such substances
in the laboratory has shown that the mysterious powers
of vitality were prematurely invoked, and that failure was
pre-supposed when no true trial had been made. The case
is somewhat analogous to the mistaken appeal to almost
infinite periods of time as the condition of formation of the
native crystals of ruby and diamond. In spite of all their

past achievements, scientific men are ready enough, like

other mortals, to cry out that their go-cart cannot get any
further without the aid of some Herculean agency beyond
their reach. As a matter of fact, however, the achieve-
ments of organic synthesis have only pushed the rital force

theory a small distance further back, for none of the
reproduced alkaloids, sugars, dyes, etc., are oryanhed

bodies, or show any sign or symptom of the germ of living

power. Recent researches upon the molecular weights of

organic substances (chiefly by Eaoult's method, which is

based upon the lowering of the freezing-point of solvents)

appear to show that the simplest among the substances
which are intimately associated with vital processes are of

vastly higher molecular weight, and presumably vastly

more complicated than any of the substances that have yet

been synthesized. The great differences in the size of

molecules is perhaps indicated by the phenomena of

dialysis, so much used in physiological work for the

separation of substances. Crystalloids, sugar for instance,

will in solution pass through the pores of an animal
membrane such as parchment, whereas colloid substances

will not. It seems likely that in such substances, perhaps
through the action of atoms such as those of carbon which
have a power of multiplex combination, molecules or groups
of atoms may "combine to net-like or sponge-like masses.
.... We may perhaps further suppose that through
the constant change of position of polyvalent atoms, these

mass-molecules will show a constant change in the

connected individuals, so that the whole . . . . is in a
sort of living state."'

The idea thus brought forward may perhaps be ex-

pressed by saying that if ever chemists should succeed in

obtaining albumuious bodies artificially, it will be in the

state of living protoplasm." (" Rise and Development of

Organic Chemistry," p. 261.) Now that an independent
cell-life in the organism has been recognized, the distance

seems but small which separates the organic chemist
from the point where he may be expected to make his

first serious attempt to ascertain if living matter can
be produced otherwise than by the agency of living matter
itself. Not every scientific man would be able to approach
this world-old question without a preconceived opinion as

to the ultimate answer which Nature has in store. Whatever
be the answer which Nature has in store for us, it wiU be

a duty to science to work at the problem until it is either

solved in the affirmative or, like the transmutation of

metals, found by experience to be beyond our power.

Hitherto chemistry has not been in a position to attack

the problem. The synthesis of organic compounds must
be carried still further before science will have a bridge

long enough to span the wide and formidable gap which
divides our knowledge of the inanimate from that of the

living world.

THE GLOW-WORM.

By E. A. Butler, B.A., B.So.

THE townsman seldom has the opportunity, often

enjoyed by those who live in country districts,

especially in the southern parts of England, of

seeing what cannot fail to be regarded as one of

the most remarkable sights in Nature, a living

animal glowing with light as if it were on fire. The
production of light is so frequently a consequence of the

phenomenon of combustion, that it is difficult to dissociate

them in the mind, and to imagine the former without being

impelled to think of the latter, or at least to imagine a

considerably elevated temperature. The production of

brilliant light without any sensible increase of heat is so

unusual a circumstance that it is puzzling to understand

how it can take place, and still more, how it can be

* " In crystals and in dead bodies generally, matter is in static

equilibrium .... in living organisms the equilibrium is dynamic."

{Sn/ure, Nov., 1894.)
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associated with a living animal frame. The glow-worm is

by far the most important terrestrial animal in Great

Britain that manifests this phenomenon of " phospho-

rescence," though amongst marine animals, and amongst
terrestrial species belonging to warmer latitudes, the

phenomenon is of very much wider occurrence. In fact,

there are few classes of animals that do not contain

species which are, at some season or other, more or less

phosphorescent ; fishes, insects, myriapods, Crustacea,

moUusca, sea-squirts, worms, ccelenterates, starfishes,

infusoria, all include phosphorescent species. In fact, so

common is the phenomenon amongst marine organisms,

that apparently we have in it the chief source of light to

those creatures that live in the abysmal depths of the

ocean, where the light of the sun never penetrates. But
while the sea teems with glowing animals, they are not

nearly so numerous on land, and, as already mentioned,

the glow-worm is, in this country, practically the only

terrestrial phosphorescent species which is likely to attract

general attention, the few centipedes, worms. &c., that are

its only rivals, being far inferior to it in brilliancy.

But it is not only as a phosphorescent being that the

glow-worm is remarkable. In a great variety of respects

it is abnormal, and these peculiarities we will now proceed

to recount. It may be a surprise to some of our readers

to be told that the glow-worm is a beetle, i.e., a member
of the order Coleoptera, to which also belong the blister

beetle, the bloody-nose beetle, the bombardier beetle, and
others that we have recently described. It is most nearly

related to that section of the order which includes the

well-known " soldiers and sailors," the reddish and bluish-

black, soft-bodied flying insects that are so common in

summer, not only in the woods and fields, but in the streets

of our towns as well. Usually it is not reckoned as

belonging to the same family as these creatures, but is

placed in a different one next to them. This family is

called J.ampijiiihi;, and the English glow-worm is known
as f.awpi/ns n<ictihoii. It is the only species of its genus
with which we ar^ favoured in Great Britain, and in fact

almost the only representative of the whole family, for only

one other species, belonging to a different genus, is known
as British, and that is a rare one, having been found only
in two localities, and in both cases in towns ; so that, for

all practical purposes, the glow-worm may be taken as our
one British representative of the family Lampijriila'. The
family, in fact, is characteristic of tropical rather than of

temperate latitudes.

The family l.aiiijujridte is one of eight, which are dis-

tinguished by their soft and flexible skin, very different

from what is found in the majority of the beetle order,

which includes the hardest-skinned of all insects. This
soft-skinned section is called Malacodermata, in conse-

quence of this peculiarity. It is curious that these

malacoderms, notwithstanding their soft and yielding skin,

are yet fiercely carnivorous. It is pretty easy to recognize

a beetle of this section by its very soft body, which often

has fleshy protuberances at the side, and its flexible wing-
covers, which are more or less delicately hairy, and some-
times become slightly distorted by bending and shrivelling

when the insect is dead. 8ome of the species are

exceedingly beautiful, being bright scarlet, or brilliant

metallic green, or exhibitmg combinations of the two.

The glow-worm has no such brilliancy of natural colour

to recommend it, but makes up for this deficiency by the

soft beauty of the greenish glow that appears in its

abdomen in the dark.

The sexes of the glow-worm are so different that it will

be necessary to describe each separately, and we will take

the female first, as it is the more familiar. The appearance

of the female glow-worm is so different from that of adult

insects generally, that it is difficult to believe in its maturity,

and still more in its being a beetle ; in fact, its coleopterous

nature would not easily be demonstrable were it not for

the appearance of the male. The female (Fig. 1) is an
absolutely wingless, grub-like creature, with a small head,

which is completely concealed beneath

a semicircular projecting scale, repre-

senting the dorsal part of the pro-

thorax of an ordinary insect. Behind
this scale are ten segments, all except

the first and last similar in form, and
each broadest behind, so that the edges

of the body become saw-like, with ten

notches. The first of the ten segments,

representing the mesothorax, is more
rounded than succeeding ones, and the

terminal one, like the prothorax, is

semicircular. The colour is blackish-

brown above, with the margins of all

the segments, and some patches in

the first two, more or less yellowish

whole surface is rough, and covered

Above, the insect is

Fig. 1. — Fenialo

Glow-worm, niaguifietl

two diameters.

the outer angles ot

or reddish. The
with extremely short silky hairs,

flat, the dorsal layer of each segment forming a sort of

shield projecting at the sides beyond the parts beneath,

though not to so great an extent as the semicircular

shield which covers the fore part. Each of these

trapezoidal shields has a slight ridge down the middle.

The under surface is very different, being convex and paler

in colour ; the last three segments are almost white, and
it is in these that the glow appears. Three pairs of short

legs are carried by the three thoracic segments, and the

head bears the usual pair of compound eyes, which are of

moderate size, and a pair of short antennae. As the insect

walks, its abdomen trails along the ground, the legs being

too far forward and too short to enable it to be raised.

It will thus be seen that the insect looks very much like a

larva, the thoracic shield being the only characteristic that

conveys any other suggestion to a cursory glance.

The female is the only member of the family to which
the name of glow-worm would popularly be applied. It is

usually to be met with in the summer months on grassy or

mossy banks, where it lies awaiting the advent of its mate,

and showing at night, on its under side, a greenish glow

which proceeds from two bright spots on the last segment,

and from the greater part of the two preceding ones. Of
course, therefore, the full brilliance of the light can only be

seen when the insect is lying on its back. When disturbed

it feigns death, curving its abdomen downwards, and bend-

ing up its legs. When left to itself, it is not, as can readily

be imagined, a very active creature, and will often remain

in the same spot for hours, or it may be days, together. In

the daylight, owing to the absence of the luminosity, it is

seldom noticed except by those who are familar with its

form. In country roads it is sometimes to be met with

crawling along near the foot of the hedge, or crossing from

one side of the road to the other, and it may also be found

underneath stones.

The appearance of the male (Fig. 2) is entirely diflerent,

and it is rarely discovered in a similar way to its partner.

As it has the ordinary wings and wing-covers of a beetle,

there is no difficulty in recognizing it as such. But, at first

sight, it would not readily be connected with its mate,

because the body, wherein lies the chief resemblance, is

concealed by the closed wings ; but if the elytra and wings

are removed, the close resemblance between the two

insects is at once obvious. There is the same semicircular

shield in front, the same segmented and notched body, with
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Fig. 2.—Male Glow-worm, maguiiied
two diameters.

the same distribution of colour, and the same short legs and
antermne. It is the wings and elytra that make the male
look so different. The
elytra, or wing-covers,

are long, narrow and
paraOel-sided, entirely

concealing the body, and
indeed projecting beyond
it both at the sides and
behind. They are of

a greyish-brown colour,

covered all over with
minute pit-like depres-

sions, and bounded by a
raised rim all round ; there are also two or three slightly
raised parallel ridges on their surface, and the same
clothing of minute and scarcely visible silky hairs covers
them as is to be found over the rest of the insect. If we
raise these wing-covers, we see a pair of smoky wings
beneath them about twice as broad as the elytra, and
slightly longer, so that they overlap one another when
closed, and have to be slightly folded at the tip to get them
beneath their covers. The nervures stand out distinctly as
dark smoky lines, and at the extreme tip of the wing they
meet to form a polygonal area which is destitute of
nervures, so as to facilitate the slight folding that has to
take place. The insect is a good flier, spreading its elytra,

but using only its membranous wings for the purpose of
flight. If placed on its back, it is said to right itself by
slightly opening its wing-covers and thus getting its wings
free, and so struggling over by their means. It is

nocturnal in habits, and is therefore not often seen unless
attracted by light. In places where they are common, an
open window with a strong light burning inside will prove
an irresistible attraction, and they may be easily caught as
they fly towards the lamp.

In all the characteristics we have already described, the
male, though so unlike his consort, in no respect differs

from the ordinary beetle type. The only point which is at
all exceptional is the large size and projecting form of the
thoracic shield, but even in this respect the insect is

not quite singular ; other Coleoptera, such as the tortoise-

beetles, show exactly the same arrangement. But there
is a far more peculiar feature yet to be noticed, and that
is the enoi-mous size of the eyes. Of course, these caimot
be seen from above, but if the insect be laid on its back,
two large, round, black knobs will be seen almost touching
one another, just in front of the first pair of legs and,

therefore, under the thoracic
shield. (Fig. 3.) A lens shows
that they are covered with an
immense number of hexagonal
facets, and they are thus seen
to be the compound eyes. They
occupy almost the whole of the
head, the mouth organs and
antennae being squeezed into a
very small compass between
them in front. As the insect

lies in this position, another
peculiarity is easily observable.
A horny flap from the disc-Uke

thoracic shield bends down on each side of the head, to
which it fits so closely that the idea is irresistibly suggested
of a broad-brimmed hat placed on the back of the crown
and tied beneath the neck by a very wide ribbon. A similar
arrangement is made in the female, but as the eyes are not
nearly so large, the efi'ect is not so striking.

Luminosity is not the heritage of the female only ; the

Fig. 3.—Head of Male Glow
worm, from beneatli.

male possesses the power to a slight extent, though his
brilliancy is far inferior to that of his mate, and is chiefly

confined to the two bright points on the last abdominal
segment. Hence the pale area of the abdomen is not
nearly so extensive in the male as in the female, and an
inspection of the dead insect even would be sufficient to

lead to the conclusion of its far inferior brilliancy. In
neither sex is the luminosity an external feature. The
seat of the activity which gives rise to the light is internal,

and the light merely shines through the transparent skin

beneath. The light-producing organs are situated in the
last three segments of the body, and consist of two layers

of yellowish-white, rounded cells, abundantly supplied with
a network of air-tubes from the spiracles. The two layers

of cells, though similar in form, appear to difi'er in consti-

tution and in function, those of one layer only becoming
luminous.

It cannot be said that anything very satisfactory has yet
been determined with regard to the real cause or nature of
the luminosity. According to some careful investigators,

it results from a process of oxidation of some of the
contents of the luminous cells, produced in them as the
result of nervous stimulus. The oxygen required for this

irarpose, it is maintained, is supplied from the outer air,

which, introduced at the very conspicuous spiracles placed
at intervals along the sides, finds its way to the light

organs through the air-tubes. Thus the intensity of the
light depends upon the vigour of respiration, supplemented
by nervous activity. It is, however, difficult to understand
how so bright a light should be produced in this way
without any appreciable rise in temperature. The light

appears to be, to some extent, under the insect's control,

and the advocates of the oxidation theory contend that the

regular intermittence of light which is observable in some
species is produced by an alternate opening and closing

of the spiracles, or at least synchronizes with acts of

inspiration and expiration. Other observers, again, while
maintaining the oxidation theory, deny that nervous
stimulus has any connection with it, apd stOl others deny
the oxidation theory altogether.

It is not difficult to determine one function of the light.

When one considers the apterous condition, the brilliant

light, and the ordinary eyes of the female glow-worm, and
contrasts with these the winged condition, the feeble light

and the enormous eyes of her partner, it is evident that

these are complementary features in the two sexes, and
there can be little doubt, therefore, that one function of

the luminosity is to serve as a sexual attraction, and
guide the roving male to his destined spouse. But there

is no reason why it should not have other functions as

well, and that such is the case would seem to be implied in

the fact that the insect is luminous in all its stages, and
therefore long before it is sexually mature. The suggestion

has been made that the light is protective in function,

being a sort of warning signal, like the brilUant colours

of certain caterpillars. Considering the softness of the

female's skin, and its sluggish habits, it would seem to

need more protection than usual, and the suggested use of

the luminosity is therefore, at the least, plausible. It is

not imreasonable to suppose that a would-be captor would
think twice before seizing on so dangerous-looking a
morsel. On the other hand, the insect is carnivorous,

and furnished with a tolerably efl'ective pair of jaws, so

that it may perhaps be able to give a better account of

itself in a struggle than its soft skin would lead one to

suppose.

In confirmation of the sexual function ascribed to the

luminosity, the Eev. H. S. Gorham has pointed out that

in the family Lampyridm the eyes are developed in magni-
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tude in proportion to the light displayed ; those species

that show but a feeble light have but small eyes, and rice

irrsa. The antennse also are developed in inverse ratio

to the light, and it is well known that a great development
of antennffi often exists in those insects that can perceive

their mates at great distances ; thus, when one power of

discovery is lessened, another is increased to supply the

deficiency. Thus the species may be divided into three

groups : first, those with plumose antenna; and small eyes,

and with light appearing in small spots only ;
secondly,

those with simple antennae, larger eyes, and a considerable

amount of light, both sexes being winged ; and thirdly,

those with quite rudimentary antennte, extraordinarily

large eyes in the male, and most brilliant light, accom-

panied by an apterous condition in the female, or, at

most, with rudimentary wings in that sex. Evidently,

therefore, the light-giving power, eyes, antenna, and wings,

are all related in the progress of their development, and it

can scarcely be questioned that such a relation indicates

a causal connection.

We may now sketch the .life-history of this curious

insect. Shortly after pairing, the female deposits her eggs.

They are of large size and pale in colour, and are eitlier

placed in the earth or ou moss or grass or other low plants,

adhering to the spot on which they are placed by means
of the viscid liquid with which they are wet. Curiously

enough, the eggs are luminous as well as the insect that

produced them. It might be thought that, considering

where they have come from, this is not to be wondered at,

since the appearance might be due to the moisture that

covers their surface. But this is not the case, for if

washed in pure water and then dried they still remain
luminous. According to Dubois, they may be kept in

water for an hour without losing their luminosity, though
after the lapse of that time the light begins to wane ; but

if they are taken out when this occurs, they soon recover

their brilliancy. Alcohol rapidly suppresses the luminosity,

and boiling water destroys it immediately. The luminosity

belongs to the contents of the egg, and not to the shell, so

that the light shines through the transparent egg-shell.

When the egg is hatched, such luminosity as there is

appears in the larva, but the empty egg-shell loses every

trace of it. Now, since this luminosity appears even in the

youngest eggs, before the segmentation of the yolk sets in,

it is evident that it is not, in this instance, whatever may
be the case with the adult insect, dependent upon nerves

or air-tubes, or indeed any anatomical element whatever,

though, of course, oxygen can pass through the thin egg-

shell without any special means of conveyance. The
luminosity of the eggs is, however, greatly dependent upon
moisture, and gradually disappears as the moss amongst
which they may be lying dries up ; it can be restored

again, if not too far gone, by the application of moisture.

The larva is extremely like the perfect female, the

most noticeable difference being the smaller size of the

head shield. It may be found, of various sizes and ages,

during the winter and spring, and becomes full-grown about

April. The small size of the young larvie will serve at

once to mark their immaturity, since, of com-se, the adult

insect does not grow ; but the full-grown larva is less

easy to distinguish from the adult female. Besides the

shape of the fore parts, there are also minute differences in

the feet and antennae, which aid in their separation. Like

the perfect insect, the larva is carnivorous, feeding upon
snails, especially those of the genus Zonites or Helicclla,

small, flat, shining kinds, often seen under stones, moss,

Ac, and in damp places geueraUy. At the end of the body
it has some seven or eight short white rods, which are

usually kept retracted within the body, but can be protruded

at will, and these it is said to use for cleansing the fore

parts of its body, should any of the snail's slime adhere to

it during the course of a meal. The coloration of the larva

is a little more distinct and variegated than that of the

adult female ; the centre part of the back is darker, and
each segment has a reddish-yellow patch at its exterior

angle.

As the insect in its larval stage is so much like the fully-

developed female, we need not be surprised to learn that

the pupa stage is a very short one. Very Uttle metamor-
phosis, whether internal or external, has to take place, and
a very brief time is quite sufficient for this. In little

more than a fortnight after the larva has ceased to feed,

the perfect insect appears, and the pupa stage itself does

not occupy much more than half of this time. The pupa
of the female does not differ much in appearance from
either the larva or the adult ; it remains in a curved

position, with legs bent up, very much as the larva or

perfect insect would do if feigning death. In the male
pupa a difference can be seen ; the wings begin to appear,

but, of course, as usual, they are of very small size. When
the insect is ready to escape from its pupa-skin, the latter

slits in front, and the beetle wriggles its way out, a soft

and nerveless thing. But its skin soon gains strength and
consistency, and then it is prepared to atone for its fort-

night's fast, by renewing its attacks upon the snails.

It has already been mentioned that the glow-worm is

not the only member of its family that is found in this

country. At Lewes and Hastings another and smaller

species has been observed, which is called Plwsphxmts
liemipterus. It is similar in shape to the glow-worm, but
has considerably longer antenms. The female is quite

apterous, but the male differs markedly from our common
species, in that wings are absent, and the elytra are very

short, not much more than a quarter as long as the body.

Moreover, they are pointed behind, and their inner edges

do not meet, but gape apart like those of the oil beetle

we described a short time ago. Curiously enough, in this

species it is the male that is usually found ; the female is

either much rarer, or manages to keep itself out of sight,

for it is very seldom met with. The male is usually found
crawUng about on walls. This insect is pretty widely

distributed on the Continent, but in this country it has
been observed only in the two localities above mentioned,

though there seems no reason why it should not occur

elsewhere.

THE DISTANCE AND MASS OF THE BINARY
STARS.

By J. E. Gore, F.R.A.S.

IN
a previous paper (Knowledge, November, 1891) I

considered the mass and relative brightness of those

binary stars for which a parallax had been found.

In the present paper I propose to discuss the probable

distance and mass of those binary stars for which a

parallax has not yet been determined. The method of

procedure I propose to adopt is to compute what is called

the " hypothetical parallax " of the binary star—that is, its

parallax on the assumption that its mass is equal to the

mass of the sun—and then to find the stellar magnitude to

which the san would be reduced if placed at the distance

indicated by this hypothetical parallax, assuming that the

sun's stellar magnitude at its present distance is —25-5.

Comparing, then, the star's magnitude, as measured with

the photometer, with the sun's reduced magnitude, it wiU

at once appear whether the binary is brighter or fainter
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than it should be if placed at the distance indicated by the

hypothetical parallax. I have computed the hypo-

thetical parallax and the corresponding magnitude of the

sun for all the binary stars for which an orbit has hitherto

been computed, and I find that in the great majority of

cases the star is brighter than the sun would be if placed

at the distance indicated by the hypothetical parallax.

This fact would imply tliat most of the binary star systems

—at least those with spectra of the solar type—have a

smaller mass than that of the sun, and are at a less

distance than that indicated by the hypothetical

parallax. This will appear from the following con-

sideration. If p be the parallax of a binary star, a the

semi-axis major of the orbit in seconds of arc, P the period

in years, m and ?»' the masses of the components, and M
the mass of the sun, we have the formula m + m^ = -rp.. M.

whence p= M. Now if III + i)i' = M, or the

mass of the system is equal to the sun's mass, we have

/)= p^ , which is the well-known expression for the hypo-

thetical parallax. But if )« + ?«' = » M, we have, taking

From this it follows that the larger theM=l, n= p^ P"--

parallax^ is, the smaller is the mass of the system, and
conversely, the smaller the parallax the greater the mass
will be. Now, as in most cases the binary is brighter

than the sun would be if placed at the distance corre-

sponding to the hypothetical parallax, it follows that to

make the sun of equal brightness with the star it should

be placed at a less distance than that indicated by the

hypothetical parallax— that is, the parallax must be
increased, and consequently the mass of the binary star

diminished. This reasoning, of course, only applies to

those binaries which have spectra of the solar type, for

stars of the first or Sirian type are, as is well known,
much brighter than the sun is in proportion to their mass.

Let us first consider the binaries having spectra of the

solar type, in which I find some remarkable differences

between the star's apparent brightness and the sun's cor-

responding magnitude, if we assume that they have the

same mass as the sun. I have omitted those in which
this difl'erence does not much exceed two magnitudes.

y Leonis.—This is the most remarkable of all the
binaries, having spectra of the second or solar type. Its

" relative brightness," calculated by a well-known formula,

is very high, being about 93 times brighter than ^ Ursae

Majoris taken as a standard, and which has also a
spectrum of the solar type, although slightly different

according to the Draper Catalogue, the spectrum of

y Leonis being noted as of class K and that of Ursse as

class G. According to an orbit computed by Dr. Doberck,
the hypothetical parallax of y Leonis is only 0036".
Placed at this distance, the sun would shine as a star of

only 8-29 magnitude. The magnitude of y Leonis, as

measured with the photometer at Harvard Oljservatory, is

2-24. There is, therefore, a difference of G-05 magnitudes,
which denotes that y Leonis is about 2G3 times brighter
than the sun would be if placed at the distance indicated

by the hypothetical parallax. The sun placed at a distance
corresponding to a parallax of 0'58 ' would appear of the
same brightness as y Leonis. But if the star had so large

a parallax it would probably have been detected ere this.

With a parallax of 0-58 ', I find that the mass of y Leonis
would be less than ^jrijoth of the sun's mass, which also

seems improbable. It is, consequently, very difficult to

give any satisfactory explanation of the great brilliancy of

this binary star. The accuracy of the orbit computed for

this pair (period 407 years) is of course very doubtful, as

the arc described since its discovery has been small. Its

slow motion, however, indicates that the period must be

long. The spectrum is not exactly the same as that of the

sun, and the star may be hotter and brighter.

Tt Cephei.—The spectrum of this star is, according to

the Draper Catalogue, of the second type, but doubtful

(H '?). According to an orbit computed by Prof. Glasenapp,

its hypothetical parallax is 0-032", which would reduce the

sun to a star of magnitude 8-G. The star's magnitude
measured at Harvard is 4-48, so that there is a difference

of 4-12 magnitudes, denoting that the star—if of the same
mass as the sun—is 44^ times brighter. To make the sun

equal in brightness to the star, the parallax should be

increased to 0-208", and the mass of the binary system

diminishad to . J^th of the sun's mass. But as the spectra

are not identical, perhaps the sun and tt Cephei are not

exactly comparable.
[u Leonis.—In this case the hypothetical parallax is,

from Dr. Doberck's orbit, 022 , a parallax which would
reduce the sun to a magnitude of only 9-36. The star's

measured magnitude is 5-55, which gives a difference of

3-81 miignitudes. This would imply that the star is about

33^ times brighter than the sun, if both bodies were of

the same mass. To make the sun equal in brightness to

the star, the parallax should be increased to 0-127", and
the mass of the binary system diminished to yiT^th of the

sun's mass. The spectrum being, however, of class G of

the Draper Catalogue, the sun being of class F, the two
bodies are not perhaps strictly comparable.

/? Delphini.—This is a binary star with a spectrum of

class F, or that of the sun, so that the two bodies should

be comparable in intrinsic brilliancy. From my orbit for

this pair—which cannot be far from the truth—the

hypothetical parallax is 0-052
', which would reduce

the sun to a star of 7-49 magnitude. As the star was
measured 3-74 at Harvard, we have a difference of 3-75

magnitudes, denoting that the binary— if of the same
mass as the sun— must be nearly fifty times brighter. As
the spectrum is of the same type this seems improbable,

and we must conclude that the star's parallax is more than
0-052". The sun, placed at a distance corresponding to a

parallax of 0-292", would shine as bright as the star appears

to us. With this parallax, the mass of the binary would
be reduced to -f i-th of the mass of the sun. It seems
improbable, however, that so comparatively large a parallax

as 0-292" should remain undetected.

r Ophiuclii.—From Dr. Doberck's orbit of this pair, the

hypothetical parallax is 0-033". At the distance thug

indicated the sun would be reduced to a star of 8-48

magnitude. The star's photometric magnitude is 4-93,

which gives a difference of 3-55 magnitudes, denoting that

the star would be—if of the same mass—about twenty-six

times brighter than the sun. A parallax of about 0-17"

would make the sun equal to the star in brightness, and
this parallax would reduce the mass of the binary to

-J
J„th of the sun's mass.

Z, Aquarii. — This binary has the longest period yet

determined, namely, 1578 years, according to Doberck.

Of course, this great length of period renders the accuracy

of the orbit very uncertain, but its slow motion and
comparatively great distance between the components
(a= 7-64") makes it an interesting object in the present

discussion, particularly as its spectrum is that of the sun

(F). With the above period and semi- axis major the

hypothetical parallax is 0050'', which would reduce the

sun to a star of 7-33 magnitude. As the photometric

magnitude of the star is 3-81, we have a difference of 3-52

magnitudes, or nearly the same as in the case of t Ophiuchi.

To reduce the sun to the brightness of the star it should
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be removed to a distance corresponding to a parallax of

0'323", and this would reduce the mass of the binary pair

to y^ ^nd of the sun's mass. The uncertainty in the orbit,

however, renders these results very doubtful.

^ Scorpii.—Prom Schorr's orbit of the pair, I find a

hypothetical parallax of 0-06", which would reduce the

sun to a star of 7'18 magnitude. As the star's photo-

metric magnitude is -I'lO, we have a difference of 3-08

magnitudes, denoting that the binary—if of the same mass
as the sun—is about seventeen times brighter. A parallax

of about 0-248" would make the sun equal in brightness to

the star, and this parallax would reduce the mass of the

binary to about J^yth of the sun's mass. The spectrum is

a doubtful one (F '?) of the second type, and perhaps the

star may not be strictly comparable with the sun.

I Leonis.-—The hypothetical parallax derived from my
orbit for this pair (the only orbit yet computed) is 007".

This would reduce the sun to 6-85 magnitude, and as the

star was measured 3-98 at Harvard, we have a difl'ereuce

of 2-87 magnitudes, which indicates that the star is, for

equal masses, about thirteen times brighter than the sun.

To make the sun equal to the star in brightness, the

parallax should be increased to 0'262", and this would
reduce the mass of the binary to about Jj'^'^ of the sun's

mass. The spectrum is of the G class in the Draper
Catalogue.

35 Corns.—.\n orbit recently computed by me gives

a hypothetical parallax of 0-045", indicating a distance

at which the sun would be reduced to a star of 7'8 magni-
tude. The star's measured magnitude being 5-08, we
have a difference of 2-72 magnitudes, which makes the star

twelve and a quarter times brighter than the sun if the

masses were equal. A parallax of 0-158" would make the

sun equal to the star, and this would reduce the mass of

the binary system to -^'g of the sun's mass.

r Cygni.—For this binary pair Mr. Burnham has lately

computed an orbit, and found a period of 36^- years, with
a = 0-94". This gives a hypothetical parallax of 0-085".

and at the distance indicated the sun would be reduced to

a star of 6-42 magnitude. The star's photometric magni-
tude being 3-94, there is a difi'erence of 2-48 magnitudes,
which would make the star 9-8 times brighter than the

sun. A parallax of 0-267" would reduce the sun to the

brightness of the star, and this would diminish the mass
of the binary to .,-\-th of the sun's mass. As the spectrum
is of the same class (F) as the sun, the two bodies should
be fairly comparable, but perhaps the stars composing the

binary system may be slightly hotter, and of less density

than our sun. This remark may also apply to i Leonis
and 35 Comae.

The binary stars of the first or Sirian type are, of

course, not comparable with the sun, as it is evident from
the case of Sirius, and other stars of this type, that these

stars are intrinsically much brighter in proportion to their

mass than stars of the solar type. Of these Sirian type

stars, the most remarkable is ^ Urs» Majoris. From
Glasenapp's orbit for this binary pair, the hypothetical

parallax is only 0-01 ", which would reduce the sun to a

star of 11-07 magnitude. As the star's photometric mag-
nitude is 4-43, we have a difi'erence of 6-64 magnitudes,
denoting that the star is—if of the same mass as the

sun-—about 453 times brighter ! As, however, we cannot
compare its brightness with that of the sun, no estimate
of its mass and distance can be made.

There is one binary star which forms a remarkable
exception to those considered above. This is jj.^ Herculis.

From the orbit computed by Leuschner (period 45-39

years; a= 1-369") the hypothetical parallax is 0-107".

At the distance indicated by this parallax the sun would

shine as a star of G-0 magnitude. As the magnitude of the

binary pair is about 9-5, we have here an exception to the
general rule—namely, a star fiilntir than the sun would
be if placed at the distance indicated by the hypothetical

parallax. The difl'ereuce is 3-5 magnitudes, denoting that the
sun is over twenty-five times brighter than the star, for equal
masses. To reduce the sun to a 9'5 magnitude star, the

parallax should be reduced to about 0-02", and this would
iiiorasc the mass of the system to 155 times the mass of

the sun. ' The star being so faint its spectrum has not
been determined, but the binary pair forms a distant

comparison to jjJ^ Herculis, the magnitude of which was
measured 3-49 at Harvard. Both stars, although relatively

fixed, have a common proper motion through space, a fact

which suggests a physical connection. According to the
Draper Catalogue, the brighter star has a doubtful

spectrum of the second type (class I '?). It does not follow,

of course, that the fainter star (the binary) has a spectrum
of the same type. Indeed, its bluish colour would suggest

a spectrum of the Sirian type ; but if of this type, it is

difficult to understand why it should be so faint. If the

binary pair is physically connected with the brighter star,

both objects probably lie at practically the same distance

from the earth. The difi'erence in their brightness—six

magnitudes—is, therefore, very remarkable, and would be
still more so if the brighter star were of the second type

and the fainter of the first.

THE DEGENERATION OF HUMAN STATURE.
By Miss C. S. Bremner.

THE question is one that not only takes us back to

the dawn of history, but to prehistoric times. If

we consult the sacred writings of any people, the

sagas of northern races, the legends and traditions

common among southern ones, we almost invariably

find the same general impression, not infrequently a precise

statement, that the human race is diminishing in stature.

All the legends point to heroes and demigods of immense
stature. Buckle alludes to the same fixed ideas in early

Indian history. The early Aryans were much more virtuous

and happy than we their degenerate descendants
; their

stature was more exalted ; the ordinary duration of life

among them was about eighty thousand years. If a person
led a saintly life, his days might be as long in the land as

one hundred thousand years. Indeed one king and saint

(one wonders if they were much the same in the good old

times) began to reigu at the age of two million years ; he
reigned six million three hundred thousand years. At the
end of that time he seems to have grown weary in well-

doing, for he abdicated the throne, lingering on some
one hundred thousand years longer.

In the earlier portion of the Pentateuch, the life of man,
we are told, extended to nine hundred years and more.
This figure gradually decreases until we reach the time of

David, when it is taken for granted that the years of man are

seventy. Of the stature of the early heroes of the Pentateuch
nothing is said. About the time of Moses we read that " in

these days there were giants on theearth,the sonsanddaugh-
ters of Anak." The spies who went up to view the land of

Canaan report very quaintly :
" There we saw the giants,

the sons of Anak, which come of the giants ; and we were
in our own sight as grasshoppers, and so we were in their

sight." In Moab, we are told, " the Emims dwelt there in

times past, a i^eople great, and many, and tall, as the

Anakims ; which were also accounted giants, as the Ana-
kims." Isolated giants are frequently spoken of, such
as Og, king of Bashan, Ishbi-benob, who hoped to have
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slain David ; better known than both these was Goliath,

whose stature, we are told, was ten or eleven feet.

Nor were the Greeks of a parsimonious disposition when
they described the strength and stature of their heroes.

Homer grieved over the gradual levelling down of the men
of his day. Hesiodus bewailed that his contemporaries had
declined in stature compared with the men of the good old

times. Herodotus, Pliny, Pausanias, and Plutarch have
aU given expression to a similar idea, the latter complaining
that the rising generation resembled new-born babes.

Virgil's opinion is well known . In one passage he says :

" When the cultivator upturns with his plough the weapons
and bones of his ancestors, he is dumbfounded, lost in

admiration of their gigantic stature."

The results of recent scientific investigation neither tally

with the ancient theory of stature degenerating, nor yet
with the more modern one of a constant upward tendency.
Dr. Eahon, a French scientist of considerable repute, has
recently collected statistics on human stature, while
working at the Musee Broca under Dr. Manouvrier, a

well-known professor of anthropology. Yet, in estimating
the value of the conclusions to which M. Eahon has
come, it ought to be remembered that his investigations

have been limited to one country—France. His master.
Dr. Manouvrier, is the introducer of many corrections in

the study of bones, both in the methods employed and
in the co-ordination of calculations made, in scientific

parlance, "the co-efficients of reconstitution." M. Eahon
has based his calculations on some millions of prehistoric

bones collected from all parts of France, and now preserved
in the Paris anthropological museums.
To establish a term of comparison between men of

former times and men living now, it was indispensably
necessary to have precise knowledge of the height of the
latter. Dr. Manouvrier, therefore, measured the bones of

two himdred and five men and one hundred and nineteen
women who had imdergone dissection in the Pans School
of Medicine. The average height thus obtained was 1-650
metres for men, and 1-528 for women.
On the other hand, the average height of adult men

measured in the French criminal identification department
by M. Bertillon is 1-648 metres, which is, moreover, the
average French height, as ascertained in military recruiting.

The criminal identification department gives 1-545 metres
as the average height of adult women.

Dr. Eahon's measurement of the bones of various
prehistoric and ancient peoples supphes an interesting

comparison. He studied, in succession, bones of the
quaternary, neolithic, proto-historic periods, and of the
Middle Ages, with the following results :

—

1.—Qu.^TEKNARY PeEIOD.

5 male cases, average height l-629m.

2.

—

Neolithic Period.
429 male cases, average height l-625m.
189 female cases „ „ l-506m.

3.—PnoTO-HisTOEic,

215 male cases, average height l-662m.
39 female cases ,, ,, l-539m.

4.

—

Parisians of the Middle Ages.
(Cemetery of Saint Marcel.)

294 men, average height l-657m.
101 women „ ,, l-555m.
(Cemetery of Saint Germain-des-Pres.)
140 men, average height l-656m.
46 women ,, ,, l-555m.

What conclusion, therefore, can be drawn from these
figures based on serious and methodical investigation ?

Undoubtedly, we may conclude that all those who hold the

opinion that our stature is appreciably smaller than that
of our ancestors, labour under a delusion.

As a result of Dr. Eahon's investigations it may be
definitely stated :

—

(1) That the skeletons attributed to the most ancient
representatives of the human race belonged to individuals

of stature at most normal, if not small.

(2) That neolithic peoples—of the polished flint period,

dating back more than three thousand years—constantly
show us medium stature, lower than our present average
height.

(3) That the various proto-historic peoples, Gaul, Frank,
Burgundian, Merovingian, present an average stature

superior to that of French people of to-day, but not so

great as we have been led to expect ; as a matter of fact,

not exceeding 0-015 metre.

In short, in spite of the armour of the Middle Ages, we
must come to the conclusion, if we may trust to Dr.
Eahon's statistics, that height has almost inappreciably

diminished by 0-007 metre. We have, therefore, no
cause for discouragement ; we need hardly cry out
" degeneration " yet. If we diminish no more than this

in the centuries, we have no reason to fear that our great-

grandchildren will be dwarfs.

So far as women are concerned, the figures seem to point

to an appreciable diminution in the difference of the stature

of the sexes. The difference between neolithic man and
woman is calculated at 0-119 metre; proto-historic,

0-123; Middle Ages, 0-102; modern times (dissection),

0-122
; ditto (criminal investigation), 0-103.

M
MECHANICAL FLIGHT.

By Thomas Moy.

E. MAXIM having had his little joke, which was
proof against bullets, and his hii/ joke, which was
proof against soaring, and the excitement anent
both performances having now subsided, it may
be opportune to take a calm bird's-eye view of

the latter subject as it stands.

The two greatest obstacles in the way of the accomplish-

ment of mechanical flight have been the balloon and the

screw propeller.

The "life" of a balloon depends upon the quantity of

ballast which it can carry, in addition to its live load.

Gas must be lost with every variation of height and change
of temperature ; and this waste must he counteracted by
throwing away ballast. For want of this knowledge,

novices have sometimes gone up like a rocket and come
down like a stick. A free balloon is integral with the air

in which it is suspended. If a candle were lighted in the

car, in a wind of fifty miles an hour, the candle would burn

as steadily as in a room, so completely is it at the mercy
of the wind.

The attempts to stifl'en balloons and other gas bags, to

fit them for propulsion, have all been failures. When I

was in Vienna in 1873 — exhibition year— I attended

meetings of the Aeronautical Society there, and found

several ingenious attempts had been made to stiffen

the fabric, to enable balloons to retain their shape,

under propulsion, but the extra weight was always too

great.

Dupuy de Lome's expensive experiment in 1872 stands

out as a warning. The hydrogen gas alone, to fiU it once,

is reported to have cost £360, and although the gas bag
was pointed at each end, and was driven by a screw, it was
only able to deviate five degrees from the direction of the
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wind, in a journey of ninety miles. The whole of the gas

had then to he wasted, the bag and apparatus paclfed up,

and all returned to Paris by railway. That was a long

way ofl' the accomplishment of aerial navigation, and we
are not likely to get much nearer by means of propelled

gas bags. In spite of the many failures in tliis direction,

many people look upon it as the only feasible plan, and the

United States Patent Examiners have refused Mr. Maxim
a patent because he does not describe and claim a gas bag
in his combination.

Just as one class of experimenters have inscribed
" Finality Jack " upon the gas bag, so another and larger

class have come to the conclusion that the screw is the

best and only available propeller ; among the rest, Mr.
Maxim and Lord Kelvin.

This mistake has arisen from its purtial success in water,

in the propulsion of steam ships. 1 say " partial " success

because there is such a thing as " slip." This slip of the

screw is bad enough in water ; it is ruinously wasteful in

attempts at mechanical flight. It is the delusive estimate

of the efficiency of the screw propeller in air which caused
someone to express himself as follows, in a daily newspaper ;

" Inventors are constantly, to the amusement of practical

engineers and mechanicians, inventing forms of flying

machines, oblivious to the fact that every engineer of

experience could produce at a few hours' notice the neces-

sary form of machine, when the, at present, undiscovered
and necessary materials are found." I withhold the name.
This man evidently had settled it in his mind that all the

apparatus required consisted of an aeroplane, screws, and a

lir/ht motor ; the error into which Henson fell in 18i2, and
Maxim fifty years after.

The following extract from a scientific journal is still

more amusing;—"It is true that Mr. has recourse

to a whirling propeller, which is about as foreign to a

natural device as anything could well be. The neglect of

rotary motion as a means of propulsion (except in the

transference of wave motion) is one of Nature's most
unaccountable proceedings. If it were not for the beautiful

efficiency of her nerve and muscle motors, perhaps she

would be driven to the continuous efl'ort of the screw or

wheel rather than the flappings and reciprocations of wings
and legs she now adopts."

The assurance of this critic of Nature's methods will be

obvious, if we substitute the Creator of Nature for " she."

One gentleman became so enamoured of the aerial screw,

some few years ago, that he actually proposed to drive

ships with aerial screws instead of marine screws. It is

surprising that he did not propose to drive railway trains

by the same means.
Now what is slip .' Suppose a boat, when travelling in

water at eight feet per second has a resistance of 62'5

pounds. Fit this boat with a small steam engine and a

drum. Let this drum wind up a rope, the other end of

which is made fast to some stationary object. Disregarding

the weight of the rope, we may assume it to be five miles

long. With a strain upon the rope of sixty-two and a half

pounds exerted by the engine, the boat would cover the

distance of five miles in an hour. There would be no slip.

Now, instead of making the rope fast to a fixed object, let it

be attached to a floating board, having a vertical immersed
surface of one square foot. A strain or pull upon this

surface of sixty-two and a half pounds would produce a

speed of eight feet per second of both the boat and the

board—that is to say, the board would "come home"
towards the boat at the same speed that the boat would
travel, thus winding in the rope at sixteen feet per second,

and the rope would be all wound on the barrel when the

boat had travelled but two and a half miles. In this case,

half the power would be wasted in slip. For certain well-

known reasons, the screw propeller is more efficient than
a mere flat board would be, but the slip of the screw in

water generally causes a loss of twenty to twenty-five

per cent.

A screw bolt driven into a nut has no slip. A marine
screw propeller, working in a watei- nut, produces slip and
consequent waste of power. The air nut, however, is

excessively yielding, and the slip is far too great for the

propulsion of a successful aerial machine.
In the sixth annual report of the Aeronautical Society

of Great Britain (1871) will be found a calculation by
Mr. Wenham of the slip, with vertical screws in the air,

in which he estimated that twenty-two horse-power would
be required to raise a weight of two hundred pounds. My
experiments have given better results than this, but even
five horse-power to two hundred pounds indicates great

loss by slip.

Comparmg Henson's device of 1842 with Maxim's of

1892, one sees very little advance in the latter. Henson
placed the axles of his screws in line with his aeroplane,

and Maxim places his lower down. Of the two, Henson's
appears the most logical arrangement. Henson and
Stringfellow used cop-tube boilers, to prevent priming.

Maxim's first boiler consisted of a crowd of tubes, which I

know from experience would get uncomfortably hot ; and
he afterwards reduced the number considerably, and
brought his boiler to a less complicated state, something
like my 1877 patent. Mr. Henson's machine failed for

want of propulsive power, due to slip. When started it

slid backwards and injured its tail. Mr. Maxim's has
failed for the same cause.

But it may be thought that I used common screws in

1875 ; this would be a mistake. My 1871 patent expressly

describes feathering screws—that is, the pitch of the blades

was very much greater on the descending side than on the

ascending side, whereby a lifting force was obtained on both
sides of the axle ; one derived from the downward action,

and the other from the forward motion.

My experiment with this machine was very much
handicapped by having to sustain half the weight of two
guide ropes, each one hundred and fifty feet long, and the

reduction of power from the forward lamps extinguishing

the lamps at the rear of the boiler. The machine was
afterwards destroyed in a stiff gale, while moving it from
the Rotunda in the Crystal Palace grounds to a new shed

near the Penge entrance. I afterwards fitted two hori-

zontal screws, twelve feet diameter, to the three-horse

engine ; but these only gave an upward thrust of one

hundred and twenty pounds, thus again proving the

importance of loss by slip.

I will conclude by suggesting that Mr. Maxim should

take his machine to (say) Salisbury Plain ; lay down his

piece of railway without the top rails ; lay down a rope on

the ground, the longer the better ; unship his screws and
mount a drum, as shown in the sketch, passing the rope

two or three times round the drum, and driving the drum
by his engines. By this arrangement he will avoid slip,

and, if his engines give out anything like three hundred
horse-power, his machine will rise a short distance from

the ground, as shown. The weight of rope looped up from

the ground will limit the height, and the two small guide

pulleys, fore and aft, will secure horizontal stability.
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NOTICE.
•--*

With very great regret the announcement has to be made
tliat j\Ir. Ranyard. owing to serious illness, has been unable

to edit this issue. Mr. Ranyard has been brought to a very

low and weak condition, and as he recovers a sea voyage

will be necessary, but he hopes to resume his labours before

very long. In the interim, Mr. E. W. ]\Iaunder has kindly

offered to supervise the astronomical pages of Knowledge.

THE CENTRAL EQUATORIAL REGION OF
THE MOON.

By T. G^\TN Elger, F.R.A.S.

THE contrast between the northern and southern

hemisphere of the moon, as regards the number
and size of large ramparted enclosures, is evident

on glancing at any map or photograph of its visible

surface. Though the former includes many notable

objects of this description, only a few of them can compare
in dimensions or complexity of structure with those on the

opposite side of the lunar equator. A distinction almost

as striking exists between the two quadrants of this

southern hemisphere, the south-western containing an
almost endless variety and bewildering number of for-

mations of a type which is much more scantily represented

in the other quarter. The inequality in the distribution

of the maria, or so-called "seas," is also very remarkable.

If a great circle is drawn from about N. lat. 20° on the

western limb, through the intersection of the first, or

central, meridian with the equator, to the corresponding

S. lat. on the eastern limb, the greater portion of the

superficies north of this line consists of low-lying

dusky plains, whose monotony is often unrelieved by any
conspicuous object, while the region south of it, very

distinctly brighter, is the area on which the results of those

volcanic forces which have given to the moon its extra-

ordinary aspect are developed to the greatest extent.

The beautiful plate which accompanies this paper,

though only including a portion of the surface extending

from S. lat. 30° to abo\it 20° on the north side of the

equator, admirably illustrates the distinction which has

been referred to. Ptolomaus, the great central ring-

mountain so prominently represented thereon, with the

chain of irregularly-shaped formations running north from

it, and the apparently inextricable confusion of hkarn'

groups flanking it on the -west, may thus be compared
with the smaller and generally different features portrayed

on the northern half of the picture.

Ptolemaus is undoubtedly one of the most perfect and
typical examples of a certain class of formations, termed
"walled-plains," which can be found on the moon, and
from its position, near the centre of the disc, can be more
conveniently scrutinized and studied than almost any
other. These formations differ from many which often

bear a superficial resemblance to them, not only in extent,

but in the hypsometrical relation which exists between
their interior, or, as selenographers term it, " the floor,"

and the region beyond the limits of the circumvallation.

In most other enclosures this Hoor is depressed, sometimes

to the extent of many thousand feet, below the outside

region, but in the walled-plain there is seldom any
appreciable difference in level between the interior and
exterior. Less marked, but still characteristic of these

objects, is the nature of the rampart and its slopes, within

and without. In many of the so-called ring-moantains,

the latter are only slightly inclined outside, rising to the

summit of the wall with an extremely gentle gradient,

while they descend to the floor with a very steep declivity.

The border of the walled-plain is also, as a rule, less

continuous, being more frequently interrupted by gaps,

crossed by transverse valleys and passes, andbroken by more
recent craters and depressions.

To return, however, to the notable object which figures

so prominently on the plate. In order to appreciate its

actual size and the scale of its surroundings, it must be

remembered that a distance of one hundred and fifteen

miles intervenes between the sides, or rather more than

that from London to Birmingham ; so that the whole of

the principality of Wales, with one or two of the bordering

counties in addition, could easily be accommodated within

its limits. In fact, its dimensions are such that, though
there are peaks on the rampart rising to four thousand,

five thousand, and
even six thousand
feet; if it were pos-

sible for an obser-

ver to be stationed

near the centre of

this great amphi-
theatre, he might
well imagine that

hewas standing on
a boundless plain,

for, except at one
or two points on
the west, there

would be nothing

to break the
monotony of the

prospect.

At the particular

phase represented

in the plate, the

sun has not long

risen on Ptole-

maus and the

chain of great

rings south of it

;

hence its rays fall

very obliquely on
the enclosed plain

,

and reveal details

which, a few hours

later, would be

wholly invisible.

Among the most
noteworthy of

these, is a number
of shallow, circu-

lar, saucer-shaped

depressions, about
four or five miles

in diameter, con-
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fined for the most
part to the eastern

half of it. Owing
to their insignificant depth, they are so evanescent that,

unless they are looked for at a very early stage of lunar

sunrise, it is impossible to see them, though, minute
craters found within them can be traced long after they
have disappeared. Objects of this kind, though not un-
common on the " seas," are nowhere so closely aggregated

as here. They impress one with the idea that they
represent old crater-rings, which are covered and partially
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obliterated by the grey material (whatever this may be) of

which the floor of Ptolemaus and other similar formations,

including the " seas," are composed, which was once most
probably of a semi-fluid or viscous consistency, though now
probably everywhere consolidated. On the north-western

side of the interior stands the only conspicuous object upon
it, a bright deep crater about four miles in diameter ; and
south of it two large obscure rings, extendmg to the border,

one of which in the plate is almost wholly obscured by its

shadow. This crater, including its slopes, cannot be less

than seven or eight miles across, and thus occupies an

area fully as large as Vesuvius, though it does not resemble

it in other respects—its flanks being much steeper and the

opening on the summit more than double the diameter of

the old crater-ring of Somma. Viewed imder a somewhat
higher sun than obtained when j\IM. Henry's photograph

was taken, the interior of Ptolemaus is seen to contain a

large number of small craters ; and, under a still more
vertical illumination, to be traversed by a curious arrange-

ment of light streaks, the nature of which still remains
enigmatical, though the fact that they are invariably

associated with small craters, both here and elsewhere,

points to an intimate physical connection.

Among other features in the vicinity, beautifully dis-

played in the plate, is a great valley, flanking on the west

the bright circular formation Herschel. This elongated

gorge, eighty miles in length and in places fully ten miles

in width, is one of the finest on the moon, and is, perhaps,

only surpassed by two others, one being the valley east of

Ukert, and the second the great wedge-shaped depression

that cuts through the lunar Alps west of Plato, which is

shown with remarkable distinctness in a photograph of the

moon two hundi'ed and forty hours old, by MM. Henry,
published in Knowledge in December, 1890. Herschel is a

typical example of the "ring-plains," by far the most nume-
rous of the large crater-like objects on the moon. Here we
have a depressed floor, and a nearly circular, continuous and
massive wall, surmoimted by peaks considerably loftier

than any on the circumvallation of Ptolemaus, which it

adjoins. Hipparchus, whose low irregular outline can
only be well traced under a rising or setting sun, comes
out so plainly that the isolated sections of its apparently

ruined border can be seen nearly as well-defined as they

are in the telescope under good atmospheric conditions.

No portion of the moon, excepting in high latitudes in

the south-western quadrant, exhibits to such au extent

the mutual deformation and interference of formations, or

so many departures from circularity, as that under
consideration. There is scai-cely a ring-mountain or

enclosure of any description that does not appear to

have been more or less modified in form by the propin-

quity of neighbouring objects. On the northern side

of the equator very few examples of this appearance
are found, except in the rugged highlands and in the

vicinity of the lunar north pole, where the enclosures

are more crowded. The region between Albategnius and
Purbach is particularly noteworthy and suggestive on this

account, as including a great number of small overlapping
rings and fragmental craters, many of them grouped and
massed together without any apparent governing principle,

though on a closer scrutiny a tendency to a more or less

linear arrangement in a meridional direction can be traced.

This tendency is much more obviously displayed in the
curious chain of seven or eight little misshapen ring-plains

extending in a sinuous line from the foot of the iilacis

of Albategnius, towards Purbach. It can hardly be
questioned that, like the smaller crater-rows, so plentifully

found in almost every part of the moon, they occupy the

site of a long-extending crack or fissure. It wiU also be noted

that, with two or three exceptions, they have prominent
central hiUs, and that the most southerly constituent of

the chain consists of at least four inosculating rings of

unequal size.

The sharpness and general excelleuce of MM. Henry's

photograph is otherwise manifested by the ease with which
many of those delicate cracks or furrows called " rills

'"

can be followed. The well-known cleft passing through

Hyginus, with its local expansions and contractions, is

admirably distinct. The more attenuated but longer

object of the same class running towards the east from
AriadfBus, and the very remarkable group of rills, all of

considerable delicacy, situated on the grey plain west of

Triesnecker are also plainly traceable.

Urttcv.
[The Editor does not hold himself responsible for the opinions or

statements of correspondents. I

>

OX THE ELECTRIC ORiaiX OF THE SOLAK
CHROJIOSPHERE.

To the Editor of Knowledge.

Dear Sir,—The October number of Knowled(;e contains

the summary of Mr. Evershed's very interesting experi-

ments on the question whether gases can become luminous
by heat alone. This question is a very difficult, and a very

important one too, and the results given by the numerous
observers who have studied it are not alike. Two leading

spirits, Profs. Helmholz and Stokes, have set forth upon
this subject quite different opinions.

From all the experiments it may be concluded, I believe,

that gases can emit from the single elevation of tempera-
ture a continuous spectral light, as the soUd and liquid

bodies do ; but does light, in the same conditions, show
the characteristic lines ? Some doubts are still allowed,

for sodium vapour, the only one that has been studied,

contains, as a rule, hydrogen in great quantity, and there-

fore is not absolutely pure ; besides, the recipient used is

either attacked by it, as porcelain, or else is porous for the

gases of the flame, as hot iron.

These objections are raised with a view to obtaining
explanations.

However, Mr. Evershed concludes from his experiments
on sodium vapour that all the gases may generally give their

characteristic vibrations by heat only, and he immediately
applies this result to the solar chromosphere, the light of

which might be due to the intense heat of the disc. Mr.
Brester explains the chromosphere by chemical combina-
tions, but, for my part, I have already owned the necessity of

au electric action ('). As I have got to this result without
touching the great question of the luminescence of the

gases, I think I must expound it with some details.

The characteristic lines of the gases are due either to

heat (I admit that heat may suffice) or to a chemical action,

or to an electric action. But, a priori, chemical and
electric actions bring in something more, that is, a

chemical combination, an electric and magnetic field,

and one understands that they may be attended by
special vibrations. This induction is confirmed by all the

facts of spectral analysis. With the same body, electricity

gives lines that a chemical flame does not show ; moreover,

the induction spark does not give the same spectrum aa

the electric arc, and the addition of a condenser in the

circuit of the spark causes the production of new and
special lines.

(1) Comptes reiidus c/e VAcademic de Paris, 27 November, 1893.

Knowledge, December, 1893.
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In that point of view, the characteristic hydrogen
spectrum is particularly remarkable. It has never been
obtained in chemical flames, even the hottest, and although
thousands of attempts have been made under the most varied

conditious(-). On the other hand, the smallest induction

coil gives it easily, and, a point well worth noticing, the

electric arc gives it also, but feeble and with difiioulty ; so

that electric interference, even with a notable tension,

appears necessary to its formation(^).

. Now then, all the points of the chromosphere show this

characteristic spectrum of hydrogen, so that we must con-

clude, as Mr. Fizeau, and, I believe, Dr. Huggins do,

that the chromosphere is an electric flame ; or, at

least, this conclusion, which rests on a great number of

varied experiments, is by far the most probable, in the
actual state of our knowledge. But this point once
admitted, I have been somewhat puzzled for a moment,
because the electric flames of our laboratories have not
that same shape, and spring up generally between two
poles. Now, in the present case, where are the poles'?

Quite naturally I have thought of the earth, which is the

only celestial body we know (yet imperfectly), and which
being a cooled sun, must, in all likelihood, present on a

smaller scale the same phenomena as the incandescent
stars do, on a larger scale.

And I have immediately been struck with the analogies

between the solar chromosphere and our own atmosphere,
looked upon from the point of view of its electric state. This
odd and as yet unexplained phenomenon of the rapid

increase of the electric potential with the altitude(*), which
constitutes what is called atmospheric electricity, is general

for all the earth. The fall of potential, as we know, is

stronger in tropical regions ; stronger also, all the other
conditions being the same, in mountainous regions.

Now in the solar atmosphere the electric distribution is

also the same, the fall of potential in each point being
measured by the intensity of the light set forth ; indeed,

the chromosphere is brighter in the region of the spots,

and, above all, shows very clear maxima over the faculse

which are just the lofty part of the surface of the sun.

Then both electric phenomena have the same ways in

(2) Prof. Hartley, in a recent study on the spectrum of the Bessemer
(lame {Pi-oceedinijs of the Soyal Socielit, Vol. LTI., ^'^o. .337, p. 193),
has made this very interesting observation :

" In the first period of the
blow, the C line of hydrogen, and apparently the F line, were seen
reversed during a snoir-slofiti." Xow, Prof. Hale, in the last number
oi Asironomii and Astro-p/ii/sics, page 771, relates this nev\' experiment
and adds that the fact, if substantiated, ii eontrary to the electric ex-
planation of the chromosphere. I have not the same opinion for several

reasons :— 1st, In this one experiment the rays are not brilliant, but
black and reversed, which is not exactly the same ; 2nd, a very strange
cendition, difficult to realize, the coincidence with a snow-sto m appears
necessary. In a snow-storm the dilferences with the ordinary con-

ditions are not in the comuosition of the gaseous air, which is only
relatively dry, but in the particular state of atmospheric electricity

;

so that electricity seems yet to bear a predominant part in the pheno-
menon. But, was snow falling on the flame ? Tlie note of Prof.
Hartley gives no details, and the complete discussion is therefore
difficult. In fact, till further experiments, I maintain my first conclu-
sions ; and this curious observation, such as I have understood it,

suggests to me only the idea to study the Bessemer flame in various
electi'ie fields, in conditions as similar as possible to those of a snow-
storm.

(3) The intense chromosphere lines H and K of calcium confirm
(lie result to a certain point; very feeble in the chemical flame,
where Prof. Hale has recognized them, they are strong enough in the
electric arc, and very strong in the induction spark, according to the
experiments of Prof. Lockyer. The gradation is the same if we
notice that chemical flames are the seat of weak electro-motive forces.

We see that the production of these lines seems to require, as the
electrolysis of the saline solutions, the use of a minimum number of
volts ; a small number for calcium, but a high one for hydrogen

(t) The difference of potential between the top and the bottom of
the Eiffel Tower is often 10,000 volts.

both atmospheres, and this unexpected verification strongly
confirms the admitted conclusion.

However, the terrestrial atmospheric electricity, the cause
of which is still unknown, is probably due to the evaporation,

the condensation and the relative motions of the atmospheric
gases. The same causes exist also for the sun, and in larger

proportions ; and one may comprehend that the effects

must also be more considerable.

One single remark more and I have done. The electric

explanation of the chromosphere agrees very well with all

the mechanical theories of the sun, and especially with
that of Mr. Faye, which, in my judgment, best explains

the whole of the phenomena. Likewise, in the study of

the terrestrial tempests, the motions of the air, and the

electric variations that attend them, are generally studied

apart. In reality, the advancement of our knowledge of

the solar atmosphere is closely bound up with the progress

of terrestrial meteorology. y . j. . , .

The Observatory, Paris.
^- Desl.^ndrf.s.

S((enct Notts.

The Christmas course of lectures, suitable for children,

at the Royal Institution, will be delivered by Prof. J. A.
Fleming, F.R.S. The subject will be "The Working of

an Electric Current," and the first lecture will be delivered

on December 27th, at three o'clock.

Our contemporary Xature has completed its fiftieth half-

yearly volume. Prof. Huxley wrote the first leading article

in 1869, and he has also written the leading article for

No. 1305, vol. 51, November 1st, in which he shows how
firmly grounded is the theory of evolution.—.--«

—

The Museum of La,Plata will shortly issue the second
part of Mr. Lydekker's memoir on the fossil vertebrata
of the Argentine Republic. It will be illustrated by over
sixty folio plates, and deal chiefly with the Edentate
mammals.

Xaturi> for November 15th reproduces from La Nitture

some beautiful figures produced from ink, by Dr. E.
Frouessart. A drop of ink is allowed to dry on a slip

of glass, and observed under a microscope. They belong
chiefly to the cubic system, and the writer of the original

paper suggests that they are magnetic oxide of iron. But
this question is not settled, they may be iron-disulphide.

Talking of " extinct monsters," it may be just as well

to remind our readers that the animals so humorously
introduced into Pi(«(/i's " Px'ehistoric Peeps,'' by the artist,

Mr. E. T. Read, are not in all cases founded on fossil

remains, though many of them are. Truly, there are more
things in Mr. Punch's mind than are dreamed of in our

geological philosophy

!

The German Emperor has lately presented to the Berlin

Natural History Museum a very fine specimen of a Plesio-

saurus skeleton (the first ever found in Germany), in

which part of the outline of the creature is preserved on
the rock, chiefly about the tail. It has been named after

the Emperor by Prof. W. Ct. Dames, of Berlin, who will

in February lecture on it to the Academie. The lecture

will afterwards be published with a plate.—^-^-*—
[The plate representing the ''Daddy long-legs" in the Xorember

number of Knowiedge w.as taken from a lantern slide kindly lent

bv Messrs. Xewton & Co.1
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The filtration of water, on a large as well as on a small

scale, has acquired quite a different significance since the

bacteriology of water has sprung into existence. (Surgeon-

Major Johnston's short treatise on " the relative efficiency

of certain filters for removing micro-organisms from water.")

He has examined the Atkins' patent water filter, Maignen's
table " filtre rapide," and the Nordmeyer-Berkefeld filter,

and the Pasteur-Chamberland filter. The first two he
considers useless for sterilizing water. The Pasteur-

Chamberland filter is, in his opinion, the best and only one
on which reliance can be placed for permanently sterilizing

water. The investigations were carried on in the Public

Health Laboratory of Edinburgh University.

" From the Greeks to Darwin ; an outline of the
Development of the Evolution Idea," is the title of an
instructive work by the well-known palseontologist, Prof.

H. F. Osborn, of the Columbia University, New York.
Evolution, as a natural explanation of the origin of the
higher forms of life, may have succeeded the old mythology
in Greece, and (ippmrs to have first developed from the
teachings of Thales and Anaximander (b.c. 611-547) with
those of Aristotle. This great philosopher had a general
conception of the origin of higher species by descent from
lower species, and he even stated the theory of the survival

of the fittest, though rejecting it as an explanation of the
evolution of adaptative structures. He also believed that

there was no fortuity in evolution, but that the succession

of forms of life was due to the action of an internal per-

fecting principle originally implanted by the Divine
Intelligence. What is this idea but the modern " law of

progress," so strongly proved by the discoveries of paleon-
tology '? We would, however, humbly suggest that in

these matters, as in others, the Greeks took their teaching
from Egypt, where the problems of life and of creation had
been deeply pondered over and partly explained to initiates

of their sacred mysteries.

We have received a specimen from Messrs. Newton & Co.
of their " spectrum top," which consists of a disc, half of

which is white and half black. Over the white half are

four groups of concentric lines. Upon being spun the
black disappears, and the whole face is covered by four sets

of circles, each of which assumes to the eye a peculiar
tint. The hues appear to be dark from the centre when
the top is spun from the right, and lighter when spun
from the left.

Natural Science for the last two months gives some very

interesting facts with regard to the way in which animals

can gradually adapt themselves to new conditions, even
when those conditions are at first fatal. From an account
in the Pittshurij Diapatch, it appears that in the cold-storage

warehouses in Pittsburg tliere were originally no rats nor
mice. The temperature in the cold rooms was too low.

But after a few months rats were at work in the rooms
where the temperature was constantly kept below the
freezing point, and they were clothed in long and thick

fur. Cats were, therefore, turned loose in the cold rooms,
but they pined and died. At last a cat with unusually

thick fur was found which thrived there, and by careful

imrsing, a brood of seven kittens was developed. They
have been distributed among other cold-storage houses of

Pittsburg, and have created a peculiar breed of cats adapted
to the conditions. The cats are now so acclimatized that

they cannot live in the open air during the hot season.

Koticts of JSoofts.

JJi/ Order of the Sun to Cldle, to see Ins Total Eclipse,

April 16th, 189S. By J. J. Aubertin. Pp. 1.52. (London:
Kegan Paul, Trench, Triibner and Co., 1894.) To the
casual reader of astronomical literature who desires to

know how an eclipse expedition appears to a layman's
mind, we commend Mr. Aubertin's narrative. The author
is an enthusiastic observer of the progress of astronomy,
and, though in the evening of life, he journeyed to Chile in
April, 1898, in order to witness the most impressive of
celestial phenomena—a total eclipse of the sun. And just
as an onlooker sees more of a fight than any of the
combatants, so an intelligent spectator can take in the
iistonishing beauty of a solar eclipse better than the
astronomer whose whole being, during totality, is wrapt
up in the photographic camera or spectroscope of which
he has charge. Mr. Aubertin was fortunate in selecting

Chile as his destination, for he was not only able to observe
the eclipse in all its fulness, but could also watch the
proceedings of Prof. Schaeberle's party. His book contains

a fine photograph of the professor, and four other plates-
one representing a symmetrical corona of the familiar

"Catharine wheel" type. After the eclipse had taken
place, Mr. Aubertin made a pilgrimage to Arei^uipa, La
Paz, and Cuzco, then to Lima and Ban Francisco, and
then he crossed the line (for the sixteenth time) and
returned home. The incidents of his journeys on sea and
land are described with a certain amount of pleasantness,

but we think the book wUI only be appreciated by a limited

circle of readers. It will be more interesting to the author
than to anyone else.

Forest Birds : their Haunts and Habits. By Harry F.
Witherby. Pp.98. (London: Kegan Paul, Trench, Triibner
& Co., 1894.) Mr. H. F. Witherby's papers on popular
natural history are well known to our readers. In the
dainty little volume under review, some of these papers
are printed with others contributed by the author to Science

(Jossip : the whole collection forming an interesting account
of the haunts and habits of eight species of forest birds.

The chapters of the book are not, however, merely reprints

of articles, but rather the original papers rewritten for

publication in book form. Mr. Witherby writes easily,

clearly, and with the accuracy that comes from personal
observation of the birds he describes. His book is embel-
lished with thirty illustrations, most of them full-page

plates, for which we have nothing but praise. They are

among the finest specimens of process blocks that we have
yet seen, and the paper upon which they are printed brings
them out perfectly. The book is attractive as well as

instructive, and is just the sort of volume to present to

young beginners of the study of Nature, while children of

an older growth will derive profit from its perusal.

Practical Methods in Micrvscopi/. By Charles H. Clark,

A.M. Pp. 210. (Boston : 1). C. Heath it Co. London :

Isbister & Co., 1894.) This is a practical handbook to the
microscope, and, as a book containing descriptions of the
many processes connected with microscopical researches,

couched in simple language, and suitable for beginners
and private workers, we heartily welcome it. The methods
described are workable, and they refer to many branches of

scientific study. The preparation and observation of sections

of plants, animal tissues, and rocks are fully treated, as well

as the preparation and examination of crystals and bacteria.

There is also a chapter on photo-micrography. The theo-

retical principles involved in the construction of the micro-

scope are briefly and accurately explained, and also the

principal phenomena of polarized light, so far as they have
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practical application in the use of the microscope. These

will lead the student to an intelligent understanding of the

instrument he uses. The book is illustrated with forty

figures in the text and seventeen fine reproductions of

photo-micrographs. It is a work such as should be in the

hand of everyone who purchases a microscope for serious

study. There are several important treatises on various

branches of microscopy, and many little books of mediocre

quahty, but we know of no volume so suitable for the

self-taught student as the one before us.

Lectures on the Darwinian Theory. Delivered by the late

Prof. A. Milnes Marshall, F.E.S. ; edited by C. F. Marshall,

M.D., B.Sc. Pp. 228. (London : David Nutt, 1894.) Of
the late Prof. Milnes Marshall it may be truthfully said, as

he himself said of Buti'on, "he led many to think about

and take an interest in natural history, and to add to it

by their own observations, who would not otherwise have

done 30." An original thinker, an eminent investigator, a

lucid writer, and an eloquent lecturer, he was an ideal

exponent of scientific truths. The series of lectures

recorded in this volume were delivered in connection with

the Extension Lectures of the Victoria University during

1893, and they really constitute the most entertaining

description of Darwinism that it is possible to obtain.

The work opens with a historical account of the theory of

evolution, and then in turn come artificial and natural

selection, the argument from palseoutology, the argument
from embryology, the colours of animals and of plants,

objections to the Darwinian theory, the origin of verte-

brated animals, and the life and work of Darwin. Prof.

Marshall had a thorough grasp of his subject, and he was
an earnest disciple of Darwin. If he had lived to see the

present volume through the press, some portions of it

would doubtless have been amplified and altered ; but even

as it stands it is a worthy monument to his brilliant

qualities, and an excellent statement of the development

of the theory of evolution.

By Moorhiml and Sea. By Francis A. Knight. Pp. 21.3.

(London : Elliot Stock, 1898.) Gentle reader, you should

get this book. It is a book to read when light mental refresh-

ment is required ; a book to pick up when the dry bones of

science have begun to pall upon your appetite ; when you
have had enough instruction and want to be entertained.

The author is a keen and sympathetic observer of Nature

—

a naturalist with poetic fancy like Gilbert White and
Bichard Jeiieries. There are now many writers on what
may be termed the poetry of science, but none mute more
agreeably than Mr. Knight, or express their thoughts in a

more attractive style. We have only one word of objection

to this collection of papers originally contributed by the

author to various journals ; it is, that the two or three

papers on subjects not connected with natural history

would have been better omitted.
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THE INDUSTRY OF INSECTS IN RELATION
TO FLOWERS.

By the Rev. Alex. S. Wilson, M.A., B.Sc.

AS
fertilizing agents, insects perform an indispensable
service to flowers ; it is only a small proportion
of the available species, however, that are utilized

for this work. Many blossoms depend for their

fertilization exclusively on a single order of insects

;

others avail themselves of only a few families, and in some
instances a flower's visitors appear to be confined almost
entirely to a single species of insect. Besides attractions

such as honey, scent, and brilliant colours, most flowers

exhibit contrivances for the exclusion of undesirable guests.

And it is not simply creeping and gnawing kinds, whose
visits are positively injurious, that are thus excluded

;

many winged and harmless species are also denied access.

The size and shape of an insect may even be well adapted
for the fertilization of a particular flower, and yet its visits

may be discouraged. Since the chances of cross-fertiliza-

tion increase with the number of visitors, it is clearly of

advantage for flowers to be visited by the utmost possible

variety of insects ; any limitation might, therefore, be
regarded as prejudicial. The disadvantage of restriction

may indeed be more than coimterbalanced, as Herman
Miiller points out, if thereby the attractiveness of the

flowers for special insects be increased, but the benefit

arising from the limitation of insect-visits perhaps admits
of fuller elucidation than it has yet received. The exclusion

of certain insects from a particular flower, we have been
accustomed to ascribe to the fact of their size and shape
being ill-adapted for its fertilization ; but there are other

reasons, and it is to these that we wish to direct attention

in this paper.

To appreciate the significance of the restriction, it is only

necessary to compare the relative importance of the number
of visitors which a flower receives with the industry of the

individual visitors. If all insects of suitable size and shape
visiting flowers were equally industrious, then restriction

would be disadvantageous. The fundamental reason for a

limited selection is to be found in the circumstance that

the efficiency of any set of fertilizing agents depends not

so much upon their numbers as upon the number of

separate flowers which each individual visits, or, in other

words, upon their industry. Ten visits made by ten

difl'erent individuals are far less effectual than the same
number of visits performed by a single insect. A small

number of bees, butterflies, or other systematic visitors

will fertilize far more flowers than a much larger number
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of miscellaneous insects which only visit flowers occasionally

and at random, even if the latter be equally adapted as

regards bodily form. An insect in any case cannot eti'ect

cross-fertilization at all unless it visits at least two tlowers.

A plant will, therefore, lose rather than gain by attracting

any species of which the individuals do not, daring the

time the plant remains in bloom, visit on an average at

least two flowers apiece. The superiority of a small

number of industrious insects over a larger number of

indolent ones depends chiefly on the increased risk in the

latter case of repeated visits being paid to the same flower.

Ad individual bee of any intelligence will not, if it can help

it, return to a flower from which it has already removed
the nectar. If, however, there be a number of visitors,

manifestly they cannot avoid entering many previously

visited flowers, and in this way a considerable proportion

of the visits are as good as lost so far as the blossoms are

concerned. To illustrate the disadvantage arising from

revisitation or. overlapping, let us suppose that a certain

area contains ten flowers ; the visitation of the whole ten

will be overtaken in a given time by a bee which makes
ten visits in that time, assuming that the insect works

intelligently so that no flower receives more than one visit.

But ten miscellaneous insects, say flies, each visiting but

one flower in the same period and working independently

cannot, although the total number of visits is the same,

overtake the whole ten flowers. Obviously there is nothing

to prevent all the ten flies entering the same flower, and in

that case the other nine would remain unvisited. Again,

their visits might be confined to two, three, or more
flowers, while the remaining ones were neglected. The
ways in which the ten visits may be distributed are so

numerous that it could only rarely happen that each fly

went to a separate flower and the whole ten were visited.

The first fly runs no risk of entering a previously visited

flower ; the value of its visit may, therefore, be represented

as 1. The value of the second fly's visit is rather less, for

although there are still nine unvisited flowers, it may
chance to enter the same one as its predecessor, and the

visit be lost. As there are ten flowers, the risk of this

is
y'o ; the value of the second fly's visit is, therefore,

diminished by that amount and only counts y%._ The
third fly is also liable to enter the first visited flower, and
there is the further contingency of its entering the same
one as the second fly ; the former risk, as before, is [\ ;

the latter ^'jj of
i",,,

or
, ",g, which falls to be deducted along

with J^ from 1 to obtain the value of the third visit, which
represents the average efficiency of the third fly. We have

thus obtained the first terms of a decreasing geometrical

series !• +V'o+-i'5',>+ iWo) ^^'^^ ^^^ successive terms of

which represent the value of each additional visitor.

From the formula s= "'' ^''
, where s is the sum of the series,

(( the first term, ; the ratio, and n the number of terms,

we can obtain the value of s—that is, the number of

flowers overtaken by n visitors. In like manner, insects

which each visit two flowers furnish a corresponding

series, 2, 1-6, 1-28, etc., and similarly with those having

a higher rate of industry. Arranging these results, we
get the following table, in which the first vertical column
shows the number of insects engaged, and the upper
horizontal line their rates of industry ; the other figures

indicate the average number of separate flowers overtaken

in each case.

From this table it will be seen that while one flower is

visited in the specified time by an insect whose industry is

1, and two by an insect with twice this diligence, two
insects each with unit industry can only overtake on the

average 1-9. It will also be seen that ten casual visitors

only overtake 6-5 out of the ten flowers in their ten visits ;

the diflerence 3'5 represents the average loss from over-

lapping of agency or frequenting previously visited flowers.

1 23 45 6 789 10

1
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have already been visited. Such contrivances for saving

their visitors' time benefit the flowers in the long run,

since the visitors are thereb}' enabled to overtake a larger

number of blossoms ; these facilities, in fact, increase their

rates of industry. There are, however, other flowers

which instead of promoting the industry of their visitors

imprison their guests, detaining them for a day or longer.

Such is the eifect of the well-known mouse-trap arrange-

ment of hairs in Aristolochia, Ceropejia, Arum, and a few

others. Flowers of this class are frequented in great

numbers by minute flies or midges, which hover in clouds

near the plants. On account of their numbers, little or

nothing would be gained by arrangements to facilitate

speedy visitation, and as little is lost by the detention of

such insects. These flowers rely on the numbers of their

visitors, not on their industry, and hence honey-guides and
other conveniences are mostly absent. Aristolochia is

protogynous, the stamens not being matured until after the

stigma has been pollinated, hence the necessity for detaining

the visitors until the pollen is shed ; were they allowed to

depart before this happened, they could confer no benefit

on the next flower they entered. Further, there is in

Aristolochia a special provision against revisitation, for

the flower-tube becomes inverted soon after the pollen

is discharged. We can hardly be in doubt, therefore,

as to what were the conditions out of which this curious

mouse-trap contrivance arose ; the number of insects

must have been greatly in excess of the flowers, and
they must have belonged to the class of unsystematic or

careless workers. On the other hand, the arrangements
for facilitating
visits, so common
m flowers, could

only arise with the

flowers greatly in

excess of the
insects, and with
insects of indus-

trious habits,
given to flower

visitation more or

less continuous.

Open shallow
flowers with ex-

posed honey or

pollen, being
accessible to all

insects, attract a

great variety of

visitors but the

overlapping of

1.—First or female stage.—H, mouse-trap visits must be SO
hairs ; M, stamens not vet mature ; F, pistils great that only a

'
^ -' —''-

small proportion

of the visits can
beefi'ective. Deep
tubular flowers

adapted to the proboscis of a bee or moth exclude

short-lipped flies, and though attracting fewer visitors,

yet attract a more industrious class, so that as regards

cross-fertilization, the efticiency is as great or greater

than in the case of shallow flowers with more numerous
guests. The restriction is, therefore, advantageous,

even apart from the circumstance that bees and butter-

flies are in respect of size and shape more desirable

visitors. A difliculty is presented by very deep tubular

flowers adapted exclusively to Lepidoptera, of which
Lonicera, Lychnis, Gymnademia, and Habenaria are

examples. Awjrcecum sesquipcdidc, an orchid belonging

Arvm.

capable of fertilization.

2.— Seeond or male stage.^H, mouse-trap

hairs withered; M, stamens discharging pollen;

F. pistils fertilized in preceding stage.

to Madagascar, with a spur ten or eleven inches
long, is an extreme example of the same type. Flowers
of this class exclude even bees. Now although as
regards adaptation to flowers the Lepidoptera take the
first place among insects, they are only of second or

third rate importance as fertilizing agents. In this

respect bees decidedly take the first place. They have,
moreover, generally been accredited with greater diligence

than butterflies. It is not easy, therefore, to see how the
industry of individual visitors could be a factor in bringing
about the adaptation of deep tubular flowers to the
Lepidoptera. A little reflection, however, serves to show
that the principle applies even here. It hardly admits
of doubt that these very deep flowers are derived from
ancestors which had their honey accessible to bees. Now
we only need to suppose that the bees got into the way of

avoiding the deepest flowers on account of the difliculty

experienced in obtaining the nectar ; not that fewer bees
visited the deep-tubed flowers, but that • each bee paid
fewer visits to them. By this means not only would the
total visitation of the deeper flowers be reduced and
diligence in consequence gain ascendancy over numbers,
but in relation to the deep flowers bees would become
intermittent or casual visitors, and the value of their visits

would be greatly reduced. Finding they enjoyed a
monopoly of the nectar, butterflies would frequent the deep
flowers with increased diligence, and their visits, from less

overlapping, would become more valuable. Honey and pollen

bestowed on casual visitors is for the most part wasted

;

and natural selection must inevitably lead to the exclusion

even of bees, notwithstanding their exceptional industry,

when they cease to visit any species of flower dihgently.

The penalty of tmused power is its removal ; a door which
a person does not often enter is likely to close against him
permanently. This punishment has overtaken the bees,

who now find the deep-tubed flowers their predecessors

neglected closed against them for ever. This has apparently

taken place in the Alps, where MiiUer found that many
flowers, which in the lowlands are adapted to bees, have in

the uplands become specialized for Lepidoptera. This
result he ascribed to the scarcity of bees in the higher
regions, but the scarcity of an insect can hardly account
for its exclusion : rather we should expect this condition

to bring about keener competition for the services of the

insects, and increased attractions on the part of the flowers.

The scarcity of bees cannot, therefore, be the direct cause

of this change ; it may, however, bring it about indirectly.

As the num'ber of bees diminishes they have a greater

choice of flowers, and each honey-gatherer will naturally

go to the deeper and more difficult flowers as seldom as

possible. In relation to these flowers bees will thus acquire

the character of casual or indolent visitors. At the same
time, on account of diminished visitation, the balance is

turned against numbers in favour of diligence. The
butterflies meantime becoming more diligent so far as the

deeper flowers are concerned, and the bees less so, we
have the conditions fulfilled which lead to the exclusion

of the occasional visitors, and more perfect adaptation

to the habitual frequenters of the flowers. The same
process in course of time would lead to still further

specialization, such as is seen in Angnecum, from which
the honey can only be removed by a moth having a

proboscis nearly a foot in length. Butterflies and moths
in some respects are, no doubt, preferable to bees as

pollen-carriers ; they are more purely suctorial, and do
not consume such quantities of pollen as bees, neither do

they use the mouth -parts for other purposes ; a greater

differentiation of these in relation to flowers has, therefore,

been possible than in the case of bees. Miiller states
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generally that, among anthophilous insects, intelligence

keeps pace with the length of the proboscis and other

marks of special organization. At this rate we should

expect butterflies to excel bees in industry and intelligence.

Some of the Lepidoptera are at least as quick at their

work as the bee. Mr. Darwin mentions twenty visits per

minute for a bee which he timed. One of the quickest

workers among the Lepidoptera is MucroqlosKn stelhitiiniin,

which was seen by H. Miiller to visit one hundred and
ninety-four flowers on difi'erent plants in six and three-

quarter minutes—that is, at the rate of 28-7 per minute.

Our contention regarding the importance of industry would

be borne out, however, even although the Lepidoptera were

the less industrious of the two orders. Kelatively to the

deeper flowers, which bees rarely visit, they are the more
industrious, and this is all we are concerned to maintain

in seeking to account for the exclusion of the bee from deep

flowers on the score of its inferior industry.

THE HAZING EFFECTS OF ATMOSPHERIC
DUST.

By Dr. J. G. McPherson, F.E.S.E., Lecturer on

Meti'orolof/f/ in the Unircrsiti/ of St. Andrews.

THE results of Mr.. John Aitken's observations

during a period of eighteen months, to ascertain

the hazing efl'ect of the dust-particles in the

air without the aid of the dust-couuter, show
that, without counting the number of dust-

particles, the transparency of the atmosphere is very

much destroyed by the impurities communicated to it

while passing over the inhabited areas of the country.

He has shown that the thickness of a haze depends on the

number of dust-particles present, on the degree of satura-

tion of the air, and to some extent also on the vapour-

pressure. Supposing we had two samples of air, both at

the same temperature, and both having the same depression

of the wet-bulb thermometer, if one of these samples be

more hazed than the other it will be found to have more
dust-particles in it than the other, and to be the thicker

the greater the number of particles present. And for a

given number of particles, the damper the air the thicker

is the haze. These conclusions placed in his hands a means
of comparing the amount of dusty impurity in ditt'erenfc

masses of air, or of dift'erent airs brought to us by winds
from difl'erent directions. • • •

He took Falkirk for his centre of observations, This

town lies a little to the north of a line drawn between
Edinburgh and Glasgow, and is nearly midway between
them. If we draw a line due west from it, and another

due north, we find that in the north-west quadrant so

enclosed the population of that part of Scotland is

extremely thin, the country over that area being' chiefly

mountainous, and there is not a town in it of any size withm
70 miles, with the exception of Stirling. In all the other

directions the conditions are quite difl'erent. In the north-

east quadrant are the fairly weU-populated areas of

Aberdeenshire, Forfarshire, and the thickly-populated

county of Fife. In the south-east quadrant are situated

Edinburgh and the well-populated districts of the south-

east of Scotland. And in the south-west quadrant are

Glasgow and the large manufacturing towns which surround

it. Therefore, Falkirk has round it three thickly-populated

areas, while the fourth is very thinly populated. The
result is that while the winds from the three districts

bring air polluted in its passage over populated areas, the

winds from the north-west quadrant come comparatively

pure. If, now, the air that comes from these several

districts be compared, the efl^ects of the products of

combustion on the clearness of the atmosphere can be

determined.

Mr. Aitken adopted the plan of estimating the haze by

noting the most distant hill that could be seen through the

haze. The distance in miles of the farthest away hill

visible is then called "the limit of visibility" of the air

at the time. But as it is almost never possible to get a

suflicient number of hills at difl'erent distances to work in

this way, he estimated the amount of haze on some hill

at a known distance, and calculated from that estimate

the greatest distance at which a hill could be seen under

the conditions. For the observations made at Falkirk only

three hills are available, one about four miles distant, the

Ochils about 15 miles distant, and Ben Ledi about 25 miles

distant, all in the north-west quadrant. When the air is

thick, only the near hill can be seen, then the Ochils become
visible as the air clears, and at last Ben Ledi is seen when
the haze becomes still less. After Ben Ledi is visible, it

then becomes necessary to estimate the amount of haze on

it, in order to get the limit of visibility of the air at the

time. Thus, if Ben Ledi be half-hazed, then the limit of

visibility will be 50 miles. In this way all the estimates

of haze have been reduced to one scale for comparison.

After going over the hundreds of observations made in

his note-book during these eighteen consecutive months,

and rejecting all those which were unsatisfactory, from the

conditions being uncertain, there remained two hundred

observations, which he has classified and arranged for the

determination of the hazing efi'ects of atmospheric dust. As
the density of the haze could only be compared on those

days when the humidity was the same, the first thing was

to arrange all the observations in tables according to the

wet-bulb depression at the time. Tables were accordingly

prepared, in one of which the observations made when the

wet-bulb depression was 2° were entered ; and so on for

depressions of 3° up to 8^. The difl'erent observations in each

table were at the same time entered in such a manner that

all those made when the wind was north were pat together,

all those when it was north-east next each other, and so on.

I will now give an abstract of these tables. As the

dryness of the air increases, the limit of visibility also

increases. When the wet-bulb depression was 2°, the east

wind had a limit of 10 miles, and increased to 22 miles

when the air was dry enough to give a wet-bulb depression

of 8^. The south wind increased from 8 to 32 mUes, the

west from 7 to 17 miles, and the north from 50 to 172

miles. There is a very great dift'erence in the transparency

of the wind from the different directions. In the north-

west quadrant the winds made the air very clear, whereas

winds from all other directions made the air very much
hazed. The winds in the other three areas are nearly ten

times more hazed than those from the north-west quadrant.

When the wet-bulb depression is 2°, the wind from that

quadrant is about 6-2 times clearer than air coming from

the best of the other areas ; and when the air is drier than

gives more than 2^ depression, the mean of all the

observations shows that the air from the north-west

quadrant is more than nine times clearer than that from

the other directions. That is, the table shows that the air

from densely-inhabited districts is so polluted that it is

fully nine times more hazed than the air that comes from

the thinly-inhabited districts ; in other words, the atmos-

phere at Falkirk is about ten times thicker when the wind

is east or south than it would be if there were no fires and

no inhabitants.

It may be interesting to show how much the individual

observations differed from each other. The limit varies
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considerably for the same wind at the same humidity. That

is what might have been expected, because from the

observations made by the dust-counter, the number of

particles varied greatly in winds from the same directions,

but at diti'erent times. This depends upon the rise and
fall of wind, changes in the state of trade, season of the

year, and other causes. During the last strike the dearth

of coal would make a considerable diminution in the

number of dust-particles in the ah- of large towns. With a

north wind, the extreme limits of visibility are 120 to 200

miles ; and a north-west wind from 70 to

250 miles. An east wind had as limits

4 to 50 miles, and a south-west wind
2 to 60 miles.

One interesting fact to be noticed is

this : that as a general result, the trans-

parency of the a'r increases about 3'7

times for any increase in dryness from
2° to 8° of wet-bulb depression. That is,

the clearness of the air is inversely pro-

portional to the relative humidity, or,

put another way. if the air ia four times

drier, it is about four times clearer. It

may be thought by some that the highest

limit of visibility given in tbe tables is

too great ; that 250 miles is too great

a distance for a mountain to be visible

—that is, supposing it was above the

horizon. This estimate has been made,

as above explained, by determining the

amount of haze on Uen Ledi, 25 milis

distant from the place of observation,

and as this mountain was occasionally

estimated to be only one-tenth hazed,

that gives 250 miles as the limit on these

occasions. But in previous observations

on the Rigi Kulm, in Switzerland, Mr.

Aitken had often seen Hochgorrach io

clearly that it did not look more than a

quarter hazed. Now, as that mountain
is 70 miles distant from the Rigi, it

makes the limit of visibility on these

occasions about 800 miles.

the form of a cross. From this cross is derived the
name " porte-croix," by which the spider is known in

France.

No better example of the geometric web could be found
than that of the garden spider, and it is so familiar an
object, through its large size, and the abundance of the
species that constructs it, that one is apt to associate,

though wrongfully, this particular kind of web with spiders

in general. There are many kinds of spiders that do not
construct a snare at all, but hunt their prey and leap upon

THE WEB OF THE GARDEN
SPIDER.

By E. A. Butler, B.A., B.Sc.

THE accompanying photograph re-

presents the geometric web of

the common garden spider,

F.pe'irii iViiiihnia. The spider itself

appears in the centre of the web,

in its usual position, head downwards,

and with its under surface towards the

observer. It is engaged in manipulating some insect which

has just flown into the snare and considerably damaged it,

especially on the right-hand side. The insect has been

completely disabled by a strong silken covering which has

been wrapped round its boely so as to enswathe it like a

mummy. In order to do this the spider seized its prey,

fastened threads to its body, and then rapidly twirled it

round by skilful movements with its feet, a baud of silk

being at the same time drawn out from the spinnerets and

wound round the boely. This species of spider may easily

be recognized by its yellowish or brownish body, which is

adorned on the summit of the abdomen with some pure

white markings, the most conspicuous of which are in

AVeb of the Conmion Giirdon

it. And of those that do construct a snare, it is only one

family that adopts the geometric pattern. Still, as this

family, the Kpetr'uhe, contains some of the largest, as well

as one of the commonest species, the geometric style is the

oue usually thought of when spiders' webs are mentioned.

The geometric web of K)icir<i diaihina is spread perpen-

dicularly over an irregularly polygonal area, the exact form

of which is dependent upon the herbage and other objects

amongst which it is placed. In addition to the strong

threads that form its boundary, not shown in the

photograph, it consists of a number of straight lines

radiating from the centre to the circumference, and a

series of lines crossing these. Tliese latter do not form
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what their first appearance no doubt suggests, a series of

concentric circles, or ratlier polygons, but they are con-

stituted by a single thread wound round and round in a

spiral fashion. This first proceeds from the centre to the

circumference in such a way that the distances between
the successive turns is double what it will ultimately be,

and then the coil is carried backwards from circumference

to centre, half-way between the previously formed con-

volutions.

There is a considerable difference between the radii and
the cross lines. The former are stronger, less elastic, and
much less sticky than the latter, and are composed of a com-
pound strand proceeding from more or fewer of the spinning

tubes which open on the spinnerets. The cross lines are

somewhat finer, and, when freshly formed, have a number
of globules of viscid silk all along them, like glittering

beads on a string. This beaded appearance can be traced,

with the help of a lens, in one of the threads in the right-

hand top corner of the photograph, but it can hardly be
seen elsewhere, as the web was not a freshly-formed one,

and these globules of viscid matter dwindle on exposure to

the sun, apparently by evaporation, whence the necessity

for frequent repair, and possibly even the construction of

a new web. Since these beaded threads do not harden on
exposure to the air as the radii do, it is they chiefly that

are the agents of detention when an insect flies into the

snare.

The method of construction of such a web is interesting,

and we will follow it in detail. The outline enclosing the

area to be filled is first formed, and for this purpose the

wind is made to lend some aid. The spider sits upon a

leaf or other support, exposing its spinnerets to the wind,

and by this means a thread is gradually drawn out and
floats behind the creature till the free end comes in contact

with some object, to which it at once adheres. Others
will be formed and fixed in the same way, or by the spider

dropping from point to point and carrying its thread with

it. This goes on tiU an irregular area is enclosed. The
radii are the next parts to be made. Proceeding to the

centre of the upper boundary, the spider attaches a thread

to it and then drops down to the opposite one, where the

thread is again fastened, and thus we have the first dia-

meter. This thread can now be used as a climbing pole,

and the spider swarms up it, and attaching a new thread

at its middle point, climbs up the rest of the distance,

drawing out the thread as it goes. On reaching the

horizontal boundary it turns aside and travels a short

distance along it, thus stretching the newly-made thread

across in a sloping direction from the first point of

attachment to the point it has now reached, where a new
attachment is made. Keturning to the centre, the spider

carries another line up in the same way, fastening its free

end a little further on, and so on till all the radii have
been laid down.
The next business is to put in the spiral thread. This,

as already mentioned, is of difierent texture from the radii,

and commences at the centre. Fastening the beginning of

its new and more viscid thread at the centre, the spider

crawls from radius to radius, going round and round in a

spiral direction, and as it crosses each radius it fastens

there the thread that trails behind it, using its hind legs

to assist in the process. Having reached the outermost
limit of its web, it retraces its steps, but threads the maze
backwards between the lines already laid down, fastening

each strand as it advances, just as it did on the way out,

till it reaches the centre. Thus the cross lines of the web
are in the form of a double spiral, the coils of the return

half lying alternately with the rest. As a snare, the web
is now practically complete ; but the spider will not unfre-

quently improve its elasticity and powers of resistance by
biting out a small part in the centre, thus severing the
connection of the radii with one another, and throwing
the burden of resistance upon the cross strands. If any
object now gets entangled in the web, the highly elastic

cross strands yield to its struggles, carrying the stiffer but
now disconnected radii with them, and thus there is less

likelihood of the main threads snapping, a catastrophe
which might be followed by the escipe of the prey. Any
entanglement of cross threads that may take place can
soon be set right again, and the damage, so far from being
a drawback, may actually be advantageous, as it will lead

to the substitution of new and more viscid threads for the
older ones that have lost a good deal of their original

viscosity.

A newly-formed web will usually be found to be very
regular, but as time advances irregularities soon begin to

appear, through the interference of wind and weather, as
well as of insects flymg into it. One of the commonest
irregularities is that which is exhibited in many parts of

the web represented in the photograph ; two consecutive

threads of the spiral have coalesced to form a single one
for the greater part of their length, separating from one
another only near the ends when they slope oft' to their

respective attachments to the radii. This evidences both
their elasticity and viscosity, for being stretched they have
met, and then have adhered together.

The web, as just described, is intended to serve as a
snare for the capture of prey, and not as a place of abode,

even though the spider may often be seen at its centre

where the web is not viscid. The spiders of the family
Epeiridce usually construct a cell or nest in some concealed
spot near the web, and this is the true place of abode. It

is connected with the snare by a strong line running to

the centre of the latter, which forms a kind of tight-rope

along which the spider passes when the sudden appearance
of a desirable victim in the snare demands its immediate
attention. If the insect is not too large, it will be at once
twirled round and enswathed in silk, whereby its struggles

will be prevented, and yet it will be kept alive and fresh,

so that its captor can at any time obtain for itself a supply
of fresh provisions.

THE FACE OF THE SKY FOR DECEMBER.

By Herbert Sadler, F.R.A.S.

BOTH spots and faculse are stiU very numerous on
the Sun's disc. Conveniently observable minima
of Algol occur at 7h. 32m. p.m. on the 3rd, 4h. 20m.
P.M. on the 6th, 9h. 13m. p.m. on the 23rd, and
6h. 2m. P.M. on the 26th.

Mercury is a morning star, and but for his southern

declination would be well situated for observation during

the first half of the month. He rises on the 1st at 5h. 50m.
A.M., or Ih. 56m. before the Sun, with a southern declina-

tion of 16° 6', and an apparent diameter of OO', tVs*'^^

of the disc being illuminated. On the 9th he rises at

6h. 20m. A.M., or Ih. 36m. before the Sun, with a

southern decUnation of 19^ 84', and an apparent diameter

of 5^", Tco''^^ °f "^6 '^i^'' being illuminated. On the

14th he rises at 6h. 45m. a.m., or Ih. 15m. before the Sun,

with a southern declination of 21° 28', and an apparent

diameter of 5-0", y''oths of the disc being illuminated. On
the 19th he rises at 7h. 7m. a.m., or about one hour before

the Sun, with a southern dechnation of 23° 0', and an

apparent diameter of 4f", xVo^hs of the disc being

illuminated. After this he is too near the Sun to be easily

observed. While visible he pursues a direct path through
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portions of Libra and Scorpio into Ophiuchus, being 3'

south of the 2nd magnitude star j3^ Scorpii at 5h. a.m. on
the 10th.

Venus is too near the Sun for observation in December.
Mars is an evening star, and can still be observed,

though his apparent diameter is getting perceptibly smaller.

He rises on the 1st at about Ih. 50m. p.m., with a northern
declination of 8° 47', and an apparent diameter of 15-0",

the phase on the w /' limb amomiting to nearly 1". On
the 10th he rises at Ih. 15m. p.m., with a northern declina-

tion of 9° 41', and an apparent diameter of 13^^", the
phase amounting to 1-1", and the apparent brightness of

the planet being about what it was in the middle of

August. On the 17th he rises at Oh. 50m. p.m., with a
northern declination of 10° 32', and an apparent diameter
of 12i", the phase amounting to 1-1". On the 24th he
rises at Oh. 25m. p.m., with a northern declination of
11° 29', and an apparent diameter of IH". On the 31st

he rises at noon, with a northern dechnation of 12*^ 31',

and an apparent diameter of lOf ", the phase amounting
to 1"1", and the apparent brightness of the planet being
about the same as it was about the end of .Tune. Mars
describes a direct path from the confines of Pisces into

Aries.

Jupiter is an evening star, and is very well situated for

observation, being in opposition on the 23rd (distance

from the earth about 386 millions of miles). He rises on
the 1st at 5h. 21m. p.m., with a northern declination of
28° 7', and an apparent equatorial diameter of 4(5". On
the 6th he rises at 4h. 58m. p.m., with a northern
declination of 23° 9', and an apparent equatorial diameter
of 46|". On the 16th he rises at 4h. 13m. p.m., with a
northern declination of 23° 12', and an apparent equatorial

diameter of 46-8". On the 24th he rises at 3h. 34m. p.m.,

with a northern declination of 23° 14', and an apparent
equatorial diameter of 46-8". On the 31st he rises at

8h. 3m. p.m., with a northern declination of 23° 15', and an
apparent equatorial diameter of 46'7". During the month
the planet pursues a retrograde path in Gemini, to the

west of /x Geminorum. The following phenomena of the
satellites occur while the Sun is 8° below and Jupiter 8°

above the horizon :—On the 1st a transit ingress of the
shadow of the second satellite at 8h. 53m. p.m., of the
satellite itself at 9h. 57m. p.m., a transit egress of the
shadow of the satellite at lib. 29m. p.m. At midnight an
8^ magnitude star will be between the third satellite and the
planet. On the 2nd a transit egress of the second satellite

at Oh. 88m. a.m., a transit ingress of the shadow of the first

satellite at 6h. 40m. a.m. ; an eclipse disappearance of the

third satellite at 9h. 5m. 24s. p.m. ; a central occultation

of a 10th magnitude star at 7h. a.m. On the 3rd an occul-

tation reappearance of the third satellite at Ih. 51m. a.m.,

an eclipse disappearance of the first satellite at 8h. 50m. 5s.

A.M. ; an occultation reappearance of the first satellite at

6h. 34m. A.M. ; an occultation reappearance of the second
satellite at 7h. 36m. p.m. On the 4th a transit ingress of

the shadow of the first satellite at Ih. 8m. a.m., of the
satellite itself at Ih. 37m. a.m. ; a transit egress of the

shadow of the first satellite at 8h. 24m. a.m., and of

the satellite itself at 3h. 53m. a.m. ; an eclipse disappearance
of the first satellite at lOh. 18m. 36s. p.m. On the 5th an
occultation reappearance of the first satellite at Ih. Om. a.m.,

a transit ingress of its shadow at 7h. 37m. p.m., a transit

ingress of the sateUite itself at 8h. 3m. p.m., a transit

egress of the shadow at 9h. 58m. p.m., and of the satellite

itself at lOh. 19m. p.m. On the 6th an occultation re-

appearance of the first satellite at 7h. 26m. p.m. On the
7th an eclipse disappearance of the second satellite at

6h. 20m. 49s. a.m. On the 8th a transit ingress of the

shadow of the second satellite at llh. 29m. p.m. On
the 9th a transit ingress of the second satellite at Oh. 12m.
A.M., a transit egress of its shadow at 2h. 5m. a.m., and a

transit egress of the satellite itself at 2h. 48m. a.m. On
the lOth an eclipse disappearance of the third satellite at

Ih. 5m. 13s. A.M., its occultation reappearance at 5h. 9m.
a.m. ; an eclipse disappearance of the first sateUite at

5h. 44m. 21s. a.m. ; an eclipse disappearance of the second

satellite at 6h. 38m. 16s. p.m., and its occultation reappear-

ance at 9h. 50m. p.m. On the 11th a transit ingress of the

shadow of the first satellite at 3h. 3m. a.m., a transit ingress

of the satellite itself at 3h. 21m. a.m., a transit egress of

its shadow at 5h. 19m. a.m., and of the satellite itself at

5h. 87m. a.m. On the 12th an eclipse disappearance of

the first satelhte at Oh. 12m. 53s. a.m., its occultation

reappearance at 2h. 44m. a.m., a transit ingress of its

shadow at 9h. 81m. p.m., a transit ingress of the sateUite

itself at 9h. 47m. p.m., a transit egress of the shadow at

llh. 47m. p.m., and a transit egress of the satellite itself

j

three minutes after midnight. On the 18th a transit egress

j

of the shadow of the third satellite at 6h. Im. p.m., an

j

eclipse disappearance of the first satellite at 6h. 41m. 38s.

I P.M., a transit egress of the third satellite at 6h. 59m. p.m.,

and an occultation reappearance of the first satellite at

9h. 10m. P.M. On the 14th a transit egress of the shadow
of the first satellite at 6h. 16m. p.m., and a transit egress

of the sateUite itself at 6h. 29m. p.m. ; a transit ingress of

the shadow of the second satellite at 2h. 5m. a.m., a transit

ingress of the satellite itself at 2h. 26m. a.m., a transit

egress of the shadow at 4h. 42m. A.m., and a transit egress

of the satellite itself at 5h. 8m. a.m. On the 17th an
eclipse disappearance of the third satellite at 5h. 4m. 84s.

A.M. ; an eclipse disappearance of the second satellite at

9h. 18m. 20s. p.m. On the 18th an occultation reappear-

ance of the second satellite at Oh. 3m. a.m. ; a transit

ingress of the shadow of the first sateUite at 4h. 57m. a.m.,

and a transit ingress of the satellite itself at 5h. 4m. a.m.

On the 19th an eclipse disappearance of the first satellite

at 2h. 7m. 20s. a.m., and its occultation reappearance at

4h. 28m. a.m. ; a transit egress of the shadow of the second

satellite at 6h. Om. p.m., and a transit egress of the satellite

itself at 6h. 10m. p.m. ; a transit ingress of the shadow
of the first satellite at llh. 25m. p.m., and a transit ingress

of the satellite itself at llh. 30m. p.m. On the 20th

a transit egress of the shadow of the first satellite at

Ih. 42m. A.M., and a transit egress of the satellite itself at

Ih. 46m. A.M. ; a transit ingress of the shadow of the third

satellite at 7h. 11m. p.m., a transit ingress of the sateUite

itself at 7h. 26m. p.m. ; an eclipse disappearance of the

first satellite at 8h. 86m. 2s. p.m. ; a transit egress of the

shadow of the third satellite at lOh. Im. p.m., a transit

egress of the satellite itself at lOh. 14m. p.m. ; an occultation

reappearance of the first satellite at lOh. 63m. p.m. On
the 21st a transit ingress of the shadow of the first

satellite at 5h. 54m. p.m., a transit ingress of the satellite

itself at 5h. 56m. p.m. (here the satellite wiU possibly

occult its shadow), a transit egress of the shadow at

8h. 10m. P.M., and of the satellite itself at 8h. 12m.

P.M. On the 22nd an occultation reappearance of the

first sateUite at 5h. 19m. p.m.; at lOh. 20m. p.m. a

7i magnitude star is 18" north of the limb. On the

23rd a transit ingress of the shadow of the second

satellite at 4h. 41m. a.m., and of the satellite itself at the

same time (the satellite probably occulting its shadow).

On the 24th an occultation disappearance of the second

sateUite at llh. 40m. p.m. On the 25th an eclipse reappear-

ance of the second sateUite at 2h. 20m. 153. a.m. ; a

transit ingress of the first satellite at 6h. 48m. a.m., and

a transit ingress of its shadow at 6h. 51m. a.m. On the
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26th an ocoultation disappearance of the first satellite at

3h. 55m. A.M., and its eclipse reappearance at 6b. 13m. 57s.

A.M.; a transit ingress of the second satellite at 5h. 49m. p.m.,

of its shadow at 6h. Om. p.m. ; a transit egress of the

satellite itself at 8h. 25m. p.m., and a transit egress of the

shadow of the satellite at 8h. 37m. p.m. At Gh. p.m. the

of magnitude star 3 Geminorum will be 1^'/ and 6-0'

north. On the 27th a transit ingress of the first satellite

at Ih. 20m. a.m., a transit ingress of its shadow at

Ih. 20m. A.M. ; a transit egress of the satellite at 3h. 30m.
a.m., and a transit egress of its shadow at 3h. 36m. a.m.

;

an occultation disappearance of the first satellite at

10b. 21m. p.m. ; a transit ingress of the third satellite

at lOh. 41m. p.m. ; a transit ingress of its shadow at

lib. 11m. p.-M. At 8 p.m. a lOtb magnitude star will be

J' south of the limb. On the 28th an eclipse reappearance
of the first satellite at Oh. 42m. 43s. a.m. ; a transit

egress of the third satellite at lb. 2!)m. a.m., and a transit

egress of its shadow at 2h. 2m. a.m. ; a transit ingress of

the first satellite at 7b. 39m. p.m., a transit ingress of its

shadow at 7h. 48m. p.m. ; a transit egress of the satelhte

at 9h. 55m. p.m., and of its shadow at 10b. 5m. p.m. On
the 29th an eclipse reappearance of the first satellite at

7b. 11m. 24s. p.m. The fourth satellite will be in superior

geocentric conjunction at 3h. 33m. a.m. on the 15tb, and at

5b. 34m. p.m. on the 31st ; at inferior geocentric con-

junction at 8h. 60m. p.m. on the 6th, and at 10b. 55m.
A.M. on the 23rd ; and in superior heliocentric conjunction

at lb. 34m. a.m. on the 14th, and 7b. 43m. p.m. on the
31st.

Saturn and Uranus are, for the observer's pm-poses,
invisible.

Neptune is an evening star, and is excellently situated

for observation, being in opposition to the Sun on the 6th,

at a distance from the earth of about 268 1-|^ millions of

miles. He rises on the 1st at 4b. 15m. p.m., with a

northern declination of 21^ 2', and an apparent diameter
of 2-7". On the 31st he rises at 2b. 10m. p.m., with a
northern declination of 20° 57'. A map of the small stars

near his path will be found in the Emilkh Mechanic for

September 7th, 1894. He describes a retrograde path to

the S.W. of I Tauri.

December is a fairly favourable month for shooting
stars, the chief showers being those of the Gemiuids on
December 9tb to 12th, the radiant point being in

fl.A. 7h. Om., and north declination 32°, rising about
4h. 10b. P.M., and setting at lb. 40m. a.m. ; and of the

Andromedas, occurring on the evenings of the 26tb and
27th, the radiant point being in E.A. Ih. 40m., and
north declination 43°, the shower being circumpolar.
The Moon enters her first quarter at Ob. 15m. p.m. on the

5th ; is fuU at 7h. 46m. p.m. on the 12tb ; enters her last

quarter at lib. 16m. a.m. on the 19tb ; and is new at

2b. 20m. A.M. on the 27th. She is in apogee at 7h. p.m.

on the 2nd (distance from the earth 251,720 miles) ; at

perigee at 3b. p.m. on the 14th (distance from the earth

224,670 miles) ; and in apogee again at midday on the

30th (distance from the earth 252,330 miles). At 9h. 8m.
P.M. on the 8th the 6th magnitude star v Piscium
will disappear at an angle of 55°, and reappear at

lOh. 23m. P.M. at an angle of 238°. At 10b. 50m. p.m.

on the 9th the 6th magnitude star 27 Arietis will disappear

at an angle of 136°, and reappear at lib. 13m. p.m. at an
angle of 172°. At llh. 17m. p.m. the 6^ magnitude star

66 Arietis will disappear at an angle of 70°, and reappear
at Oh. 29m. on the 11th at an angle of 251°. At 3h. 27m.
A.M. on the 11th the 6tb magnitude star 9 Tauri will dis-

appear at an angle of 95°, and reappear at 4h. 22m. a.m.

at an angle of 244°
; and at 7h. 24m. p.m. the 5^ magnitude

star %i Tauri will disappear at an angle of 88°, and re-

appear at 8b. 25m. p.m. at an angle of 232°. At lib. 14m.
P.M. on the 12tb the 6i magnitude star B.A.C. 174C
will disappear at an angle of 152°, and reappear at

lib. 42m. P.M. at an angle of 196. At 6b. 30m. a.m.

on the 13tb the 5th magnitude star 136 Tauri will

disappear at an angle of 118°, and reappear at 7h. 18m.
A.M. at an angle of 253°. At 7b. 3m. p.m. on the 15tb the

ih magnitude star y Cancri will be occulted at an angle of

120°, and will reappear at 7h. 50m. p.m. at an angle of

263°. At lOh. 47m. p.m. on the 18th the 6th magnitude
star 89 Leonis will disappear at an angle of 63° (the

star being below the horizon of Greenwich), and will

reappear at llh. 19m. p.m. at an angle of 251° itbe star

rising at the time). At lb. 37m. a.m. on the 20th
the 6tb magnitude star B.A.C. 4200 will disappear at an
angle of 159°, and reappear at 2b. 25m. a.m. at an angle

of 265°. At 3h. 33m. a.m. the 6^ magnitude star B.A.C.
4225 will disappear at an angle of 124°, and reappear at

4b. 42m. a.m. at an angle of 310°
; at 7b. 4m. a.m. the

6th magnitude star /" Virginis will disappear at an angle of

84°, and reappear at 7h. 57m. a.m. at an angle of 350°.

At 7b. 9m. A.M. on the 20tb the 3rd magnitude star tt

Scorpii will disappear at an angle of 150°, and reappear at

8b. 9m. a.m. at an angle of 258°. At 5h. 46m. p.m. on the

31st the 6th magnitude star 45 Aquarii will disappear at

an angle of 55°, and reappear at 6h. 57m. p.m. at an angle

of 235°. The following are near approaches. On the 4th

the 6^ magnitude star B.A.C. 7835 at an angle of 148°.

At 4b. 30m. p.m. on the 10th the ih magnitude star

^ Arietis at an angle of 155° (2V from the limb). At
8b. 40m. a.m. (in broad daylightj on the 22ud the 6th

magnitude star B.A.C. 4722 at an angle of 212°.

C^tss (Column.

By 0. D. LooooK, B.A.Oson.

CoMMTJNiOATioNs for tMs colunm should be addressed to

C. D. LococK, Burwash, Sussex, and posted on or before

the 12th of each month.

Solutions of Xovemher Problems.

No. 1.—By Mrs. W. J. Baird.

Key-move.—1. Kt to KB7.

If 1. ... K to R3, 2. Q toESch.
1. ... K to B3, 2. Q to BSch.

1. . . . Any other, 2. Kt to Q6ch.

Correct Solutions received from .J. T. Blakemore,
White Knight, A. Louis, W. Willby, J. St. L. Kirwan,
F. H. Bolton, E. W. Brook.

No. 2.—By C. D. Locock.

1. R to Kt4, and mates next move.

Correct Solutions received from J. E. Gore, -J. T.

Blakemore, Norman AUiston, White Knight, H. S.

Brandreth, A. Louis, W. Willby, E. W. Brook, .J. St.

L. Kirwan, .J. McRobert.

We note with pleasure some new additions to our list of

solvers.

H. S. Brandreth.—And if the Pawn does not queen ?

J. E. Gore.—Your two-mover No. 1 has now many
solutions, <'.'/., 1. QxKP or 1. Kt moves anywhere dis-

covering check. This should be corrected without
increasing the force. No. 2 is clearly solved by B to R6cb
or Q X R. There are also numerous duals.
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PROBLEMS.

By A. C. Challenger.
BtACK (6).

White (7).

White mates in two moves.

Black (3).

W, A WM WM. W4tfi

iiil m m
m m.

White (7).

White mates in three moves.

CHESS INTELLIGENCE.

Mr. Lasker has now nearly recovered from an attack of

typhoid fever, which has prevented him from keeping

various chess engagements. During his illness his brother,

Dr. Lasker of Berlin, has been in London.

An interesting tournament is in progress at New York.

Messrs. Steinitz, Pillsbury, Showalter, Albin, and -lasna-

grodsky are among the competitors. Mr. Steinitz holds

the lead, and should have no difficulty in keeping it.

A match between the Metropolitan and City of London
Chess Clubs was played last month. There were fifty

players on each side. The final score was : Metropolitan,

26^, City of London, 23i.

Sussex and Hants played their match in the Southern

Counties Tournament at Portsmouth on November Srd,

resulting in a victory for Sussex. The important match
between Surrey and Sussex takes place at Brighton on
December 8th.

-•-•

PAWNS AND THEm WEAKNESSES.
{Continued from p<iiji' 264.)

The two kinds of weak Pawns discussed in the last

number were (1) isolated Pawns and (2) Pawns too far

advanced. We offer here a few remarks on three other

classes.

III. Pairs of Pauns.—It frequently happens in the close
game that both sides have Pawns at K3, Q4, and QB4,
while one side (say Black) has also a Pawn at QKt3. If

White now playBPxP, KPxP; PxP, PxP, Black is

left with a pair of Pawns at Q4 and QB4. These, as they
stand, may be fairly strong, though White has open files

in front of both. Nevertheless, such a pair of Pawns must
be considered a permanent disadvantage, for the following
reasons:—(1) If one is exchanged, the other is left

isolated. (2) If one is advanced, a "hole" is left in front

of the other, and this hole can be permanently occupied
by a White piece, strongly placed in the centre of the
board.

IV. A Pann supporting two others.—Here there is clearly

a " hole '' in front of the supporting Pawn. This " hole
"

may be either temporary or permanent ; if the opponent
has Pawns immediately in front of the two supported
Pawns, the weakness has every appearance of permanency.
The category may even be enlarged. Generally speaking,
it may be stated that every Pawn (unprotected by another
Pawn) which cannot advance to the same ron- as its neigh-
bours is weak. For instance, a player has a Pawn at QB4,
a Pawn at QKt2 or 3, his QEP being either off the board
or at QR4 ; the opponent has a Pawn at either QR4 or
QB4. The result is that the Pawn at QKt2 or 3 is weak.
If the opponent has not Pawns at both QB4 and QR4, the
weakness may be only temporary, for the KtP may be
advanced by the support of pieces. If, however, the
opponent has Pawns at QB4 and QE4, the weakness is

clearly permanent.

V. Doubleil Pinrns.—The weakness of these has already

been treated of in an article entitled More Chess Fallacies.

It need only be stated here that the weakness makes itself

felt chiefly in the end game. In the middle game a doubled
Pawn is frequently a very tangible advantage, especially if

it can be undoubhd at will.
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